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DETERMINING SEED VIGOUR IN SELECTED BRAS SICA SPECIES 
ABSTRACT 
Variables for the accelerated ageing (AA) test, methods for reducing fungal 
contamination during the AA test, using the conductivity test as a vigour test, the 
effect of seed size on seed vigour and the relationship between laboratory test results 
and field perfonnance in selected Brassica spp were investigated. In the first 
experiment, three seed lots of turnip rape hybrid (B. rapa x campestris), turnip (B. 
campestris) and forage rape (B. napus); and seven seed lots of Asian rape (B. napus), 
six seed lots of Asian kale (B. oleraceae var. alboglabra L.) and five seed lots of 
choisum (B. rapa var. pekinensis) with genninations above 90% were aged at two 
different temperatures (41 and 42°C ± 0.3°C) and three ageing times (24,48 and 72 ± 
15 minutes). The second experiment was divided into three sections. In the first, the 
same seed lots and species were aged at one temperature (41°C) and time (72 h), but 
either 40 ml of saturated salts; KCl (83%RH), NaCl (76%RH), NaBr (55%RH); or 
distilled water (96%RH) were used as the ageing solutions. In the second, one turnip 
rape hyprid seed lot was aged at three temperatures (41, 42 and 45°C) and two times 
(72 and 96h), again using the three saturated salts and distilled water as ageing 
solutions. In the third, three turnip rape hybrid seed lots and three Asian kale seed lots 
were surface sterilised (1 % sodium hypochlorite) prior to ageing at one temperature 
(41°C) and time (72 h). In the third experiment, the same species and seed lots used in 
experiment one at their original seed moisture content (SMC) were tested for 
conductivity after soaking in deionised water for 4, 8, 12, 16,20 and 24 h. They were 
then re-tested after the SMC had been adjusted to 8.5%. In the fourth experiment, 
three seed lots of forage rape and three seed lots of Asian kale were graded into three 
seed size categories; large (retained on a 2.0mm screen), medium (retained on a 1.7 
mm screen) and small (passed through a 1.7 mm screen). Graded seeds were then 
tested for standard gennination, AA (41°c/48 h) and conductivity (measured at 16 and 
24 h). In the final experiment, the relationships between laboratory tests for the six 
species (each consisting of three seed lots), field emergence from three sowings, and 
cold room emergence were evaluated. 
11 
Both time and temperature influenced post-AA germination. Increasing the 
ageing period from 48 to 72 hours at 41°C, and 24 to 48 hours at 42°C resulted in 
decreased mean gem1ination percentage for all species but not always clear separation 
of seed lots. While there were sometimes few differences between ageing at 41 DC and 
42 D C, the former is preferred because it is already the temperature used for other 
species. For Asian rape, choisum and tumip, the previously recommended testing 
conditions of 41°C172 h provided good seed lot separation, but for Asian kale and 
tumip rape hybrid, AA testing at 41°C/48 h provided better results. Seed moisture 
content after ageing ranged from 29-37% depending on species. Fungal growth on 
seeds during the ageing period appeared to reduce post-ageing gennination in some 
seed lots .. 
Substituting saturated salts for distilled water did not stress seed lots in the AA 
test, due to the lowered RH%, the exception being seed lots 1210 and 1296. For 
forage and Asian species, seed lot gennination mostly remained above 90% when 
aged for 72 h at lowered RH%. Increasing the ageing duration from 72 to 96 hours 
resulted in some decreases in post-AA germination but no clear separation of seed 
lots. Surface sterilising the seeds prior to the AA test resulted in a lower incidence of 
contaminant fungi which was associated with a lower percentage of abnormal 
seedlings. 
The conductivity test was mostly able to identify vigour differences among 
forage and Asian vegetable bras sica seed lots. Differences in conductivity readings 
were observed among seed lots in all species. Increasing the period of imbibition 
resulted in increased conductivity from most seed lots but radicle emergence occurred 
after 16-20 h of imbibition. Variation was observed in the time to reach 95% 
maximum of the imbibition curve for most species. Conductivity readings at 16 h 
would avoid possible influences of radicle emergence on results. Adjusting the SMC 
to 8.5% resulted in reduced variation in conductivity among replicates of seed lots, 
due to a reduction in imbibition damage. 
Seed size had a significant effect on both post-AA gem1ination and 
conductivity results. In forage rape, large size seeds had higher post-AA germination 
cf. medium cf. small size seeds. In Asian kale, large size seeds had higher post-AA 
gennination compared with small size seeds. For both forage rape and Asian kale, 
large size seeds had lower conductivity readings cf. small size seeds. 
III 
The correlation analyses demonstrated significant relationships between AA 
testing and field emergence parameters (percentage emergence, emergence index and 
emergence rate). Significant relationships were also observed between conductivity 
testing and these field emergence parameters. Based on the correlation analysis, AA 
testing at 41°C/48 hand/or 42°C/48 h could be recommended to be used as an AA 
test for tumip and Asian rape; and 41°C/48 hand/or 41°C172 h for Asian kale and 
choisum. Based on the correlation analysis, conductivity testing at 16 h can be used to 
predict the field emergence potential of forage and Asian vegetable seed lots. Vigour 
tests were consistently able to provide better indicators of field perfonnance than the 
standard gennination test, although these relationships did vary with the different field 
sowmgs. 
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Cole crops, also called crucifers or brassicas, are indigenous to temperate and cold 
climates (Decoteau, 2000; Desai, 2004). The earliest known brassica crop introduced into 
New Zealand was cabbage (Brassica oleracea). It was first sown in Dusky Sound by 
Captain James Cook in 1773 (Thomson, 1922). Brassicas are the most important supplier 
of vegetables within the Brassicaceae family (Buishland et al., 1986) and provide much 
of the world's winter vegetables (Wikipedia, 2004). They are also used worldwide for 
stock food and oil production (White et al., 1999). Most cole crops are biennial 
herbaceous plants that are typically grown as annuals (Decoteau, 2000). The 
Brassicaceae family consists of approximately 435 genera and 3675 species (Dreyer & 
Jordaan, 2000). 
The Canterbury region of New Zealand produces many varieties of brassica seed 
crops. However, in contrast to overseas production regions there is little production of 
oilseed brassica crops (Stewali, 2002). In New Zealand, brassica forages are the main 
animal feed other than pasture and pastoral products (White et al., 1999). For over 50 
years brassica seed production has been dominated by the three main fodder species 
turnip (B. campestris), canola (B. napus) and kale (B. oleracea) (Stewart, 2002). Claridge 
(1972) stated that the production of brassica seed in New Zealand did not assume real 
impOliance until World War II (1939-1945). Historically, the United Kingdom was the 
main brassica seed exporter. Hence, there was little incentive for seed production in New 
Zealand. In 1940, there was a serious threat of an overseas shortage of brassica seed. The 
Depaliment of Agriculture, in co-operation with selected merchants, established a plan 
for all requirements for seed of all brassicas to be produced locally (Claridge, 1972). 
Hence, following 1940, brassica seed production became securely established in New 
Zealand. 
All forage brassicas used in New Zealand are biennials. More recently, Asian 
brassica species, such as Chinese kale (B. oleracea var. alboglabra L.), have been 
introduced. They have been commercially grown in New Zealand since the mid 1980s 
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(Grant Smith, pel's. comm., 2004). Asian brassica seeds are expOlied to various countries 
in South East Asia. 
A common goal among seedsmen and growers is to produce and have access to 
high quality seed populations for planting (Dornbos, 1995a). High quality seed is 
considered to be one of the most important factors in crop production. One of the 
components of seed quality is seed vigour (Hampton, 1995). Seed vigour can encompass 
potential seed perfOlmance both in the field and in storage (Hampton, 1995). ISTA 
(2005) defined seed vigour as the "sum total of those propeliies of the seed that detelmine 
the level of activity and perfonnance of the seed or seed lot during gelmination and 
seedling emergence". Vigour is positively related to the ability of a seed population to 
establish an optimum plant stand, in both optimum and sub-optimum soil environments, 
and therefore to maximise yield (Dornbos, 1995a). 
Seed lots lacking good vigour tend to be more susceptible to adverse conditions 
and may produce erratic stands and result in poor crop perfOlmance (Powell & Matthews, 
1985; Elias & Copeland, 1997). Hampton and Scott (1982) noted that low vigour garden 
pea seed lines resulted in reduced emergence, lower plant populations and thus, lower 
yield. Komba (2003) significantly related seed vigour to emergence in kale (B. oleracea) 
seed. Komba (2003) observed that seed vigour was a better predictor of field emergence 
than traditional standard gelmination for high gelminating seed lots of cv. Gruner, but 
less convincingly for cv. Kestrel. 
Fanners and seed producers have long recognised that gern1ination measured 
under optimum conditions in the laboratory often over-estimates the actual field 
emergence of seed lots (Copeland & McDonald, 2001). Hence, vigour tests were 
developed. Hampton (1992) as cited by Hampton and TeKrony (1995), stated that the 
past 40 years have seen many different vigour testing methods proposed, but only very 
few are in international use. CUlTently, the accelerated ageing (A A) test and the 
conductivity test are the only approved vigour tests used to detennine seed vigour (ISTA, 
2005). 
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1.1. Current problems 
1. Pisum sativum L. and Glycine max L. are the only two species for which a test 
method for seed vigour has been validated by ISTA (the conductivity test for the 
former and the accelerated ageing test for the latter). 
ii. Cunently in the ISTA Handbook of Vigour Tests (Hampton and TeKrony, 1995), 
B. oleracea L. var. capitata and B. rapa L., are the only two brassica species 
which have had the results of the accelerated ageing (AA) test related to field 
emergence and/or storability of among crop species. Canola (B. napus L.) is the 
only brassica species listed with recommended and suggested variables for the 
AA test using an inner chamber box (Hampton and TeKrony, 1995). 
iii. The AA test does not provide an absolute vigour score, but simply records 
gennination (percentage nOlmal seedlings) after a period of stress under 
conditions of high temperature and seed moisture (Hampton and TeKrony, 1995). 
iv. The AA test uses water (which results in a RH of == 96%) as its ageing solution. 
This often results in fungal invasion. It has been reported (Jianhua and McDonald, 
1997) that using KCI and NaCI as ageing solutions, reduces the RH and hence 
associated fungal problems. 
v. lianhua and McDonald (1997) and Marcos-Filho (1998) stated that the primary 
use of the accelerated ageing test has been limited to large-seeded agronomic 
crops and has been less studied for small-seeded vegetable, flower and turf crops. 
lianhua and McDonald (1997) mentioned that for these species, conelation of 
accelerated ageing results with small-seeded quality has been poor. This is 
probably due to a large variation in seed water content after only one day of 
accelerated ageing. Conversely, the New Zealand Seed Technology Institute has 
been using the AA test for small seeded species such as brassica for several years 
as a commercial test. 
vi. Cunently in the ISTA Handbook of Vigour Tests (Hampton and TeKrony" 1995), 
cabbage (B. oleracea) and brussel-sprouts (B. oleracea) are the only bras sica 
species that have been used to evaluate the conductivity test and relate it to field 
emergence. 
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Vll. Field perf01111ance of a seed lot may be better indicated by a vigour test result than 
by the standard ge1111ination test result. 
Vigour testing for Brassica species should eventually be included in the 1ST A 
Rules (Hampton, pers. comm., 2004). The objectives of this study were to detelmine: 
1. If 41 °C172 hours is the best accelerated ageing test combination for selected 
Brassica species. 
2. If the use of salt solutions improves the accelerated ageing test in Brassica 
species by decreasing water uptake and fungal invasion. 
3. If the conductivity test can be used as a vigour test for Brassica species. 
4. If these vigour tests can provide a better indication of field emergence than the 
standard germination test in Brassica species. 
5. If vigour testing results for Brassica species can be positively correlated with 
field and cold room emergence. 
This thesis describes four experiments which are related to seed vigour in 
selected Brassica species (both perennial forage and Asian vegetable). The 
experiments are presented in seven chapters. Chapter 2 is a literature review. Chapter 
3 presents an investigation of whether the current accelerated ageing (AA) test for 
Brassica spp. is optimal for the selected Asian vegetable and forage Brassica species. 
Chapter 4 describes an investigation of whether or not salt solutions can produce 
more consistent results than water for the AA test. Chapter 5 is an investigation of 
whether the conductivity test can be used to detelmine seed lot vigour. Chapter 6 
describes the effect of size grading from within the seed lot on seed quality. Chapter 7 
investigates whether seed vigour testing is a better predictor of field emergence than 
the standard germination test. The general discussion and main conclusions are 
presented in Chapter 8. 
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CHAPTER 2 
LITERA TURE REVIEW 
2.1. Introduction 
Brassica crops can be traced back to the ancient Greek civilization, where 
Theophastrus (371-286 B.C.), a pupil of Aristotle mentioned three types: a curly-leafed, a 
smooth-leafed and a wild fonn. These same types have been mentioned by other Greek 
authors (Nieuwhof, 1969). Curly kale, cabbage and kohlrabi were at first the best known 
cultivated brassica species, but throughout the centuries different crops became 
established. Cauliflowers were widely known in the 18th century and Brussels sprouts in 
the 19th century (Nieuwhof, 1969). Presently, both vegetable and forage brassica plants 
are grown throughout the world in environments ranging from cool temperate climates to 
hot tropical climates. 
Brassicaceae vegetables are grown for their above ground paris (Desai, 2004) and 
generally possess tap roots (Langer and Hill, 1981). The stems are erect, the leaves are 
alternate, lobed and glabrous, or covered with simple hairs. Most Brassica species require 
a cool climate to initiate flower production (George, 1999; Desai, 2004). The 
inflorescence is a raceme bearing numerous conspicuous flowers, usually yellow in 
colour (Langer and Hill, 1981; McDonald and Copeland, 1997). There are four sepals, 
an-anged as an inner and outer pair, and four petals each consisting of a nan-ow, erect 
claw at the base with a broad, spreading limb above, together fonning the configuration 
of a cross (Langer and Hill, 1981; Bryant, 1997). The six stamens are represented by a 
relatively Sh01i outer pair and four somewhat longer inner ones. The pistil is compound 
and the ovary matures into a two-celled fruit. The ovary is superior and consists of two 
united carpels divided by a membranous, false spectrum and a single, lobed stigma. 
Pollination occurs mainly via bees, with the flowers possessing nectaries at the base of 
the filaments (Desai, 2004). Brassica seed is small, globular, and smooth. The seed is 
mostly embryo, with the endosperm being absorbed in the fonnation of the cotyledons 
which are conduplicate (Desai, 2004) and act as reserve organs rich in oil (Bryant, 1997). 
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2.2 Seed Production 
Brassicas are a major vegetable eamer in New Zealand, with an estimated $60 
million domestic value, whilst exports are approximately $0.75 million/year (Vegfed, 
1999). Depending on the size of the order, the crop species and the buyer, Asian brassica 
seed can be sold throughout Asia for approximately US$1.5012.00 per kilogram (Grant 
Smith pers. comm., 2004). In New Zealand forage brassicas such as kale, fodder rape and 
tumip retail for between $11.30 and $15. 90/kg (based on bare seed price), depending on 
the size of order and time of year (David Hanison pers. comm., 2004). Certified forage 
brassica seed production in New Zealand is quite small. For the year 2003/2004, the area 
of ce11ified forage brassica seed was 1,185 ha (Table 1). Total forage brassica seed 
produced was 1294 tonnes (Table 2) 
Table 2.1. Certified forage bras sica seed area (ha) in New Zealand from 1999-2003 
(AgriQuality, 2004). 
Crop 1999 2000 2001 2002 2003/2004 
Kale 277 181 182 364 205 
Fodder rape 537 370 129 136 683 
Swede 33 55 64 47 61 
Turnip 213 133 164 321 236 
Total 1060 739 539 868 1185 
Table 2.2. Quantities of brassica seed (tonnes) of seed produced from 1999-2003 
(AgriQuality,2004a). 
Crop 1999 2000 2001 2002 2003/2004 
Canola 406.9 115.7 N/A N/A N/A 
Fodder rape 417 314.4 537.8 153.2 244.2 
Kale 175.2 404.7 87.1 195.0 558.4 
Swede 79.7 45.5 69.2 67.9 66.9 
Turnip 298.1 122.9 121.1 92.8 424.3 
Total 1376.9 1003.7 815.2 328.9 1293.8 
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2.3. Agronomy 
The Brassica species are best grown in heavier clay soils due to better nitrogen 
(N) and water retention. The optimum pH for brassica crops is slightly basic. Acidic soils 
increase the incidence of the disease "club root" (George, 1999). Brassica seed must be 
placed into a firm, moist, wann, aerated and well structured seed bed for rapid 
gem1ination and seedling growth (Kimber and McGregor, 1995). 
Diseases are not usually a problem, except in wetter seasons (Grant Smith pers. 
comm., 2004). An insecticide is generally applied to control insects such as aphids, leaf 
minor and spring tail. Weed control is also necessary. Weed species that create problems 
include couch (Agropyron repens), cleavers (Galium aparine), fathen (Chenopodium 
album), field madder (Sherardia arvensis), wireweed (Polygonum aViculare), variegated 
thistle (Silybum marianum), Califomian thistle (Cirsium arvense) and scotch thistle 
(Cirsium vulgare) (Barbara Brunton pers. comm., 2004). Some of the common weeds of 
the Brassicaceae family are hosts to seed-bome pathogens such as Alternaria brassicola, 
Phoma lingam and Plasmodiophora brassicae (clubroot). 
Brassica seed crops may need irrigation (depending on the amount of moisture 
available) and high N inputs (100-150 kg/ha). Fertiliser applications include 2 side 
dressings of urea (Grant Smith pers. comm., 2004). Brassica crops are usually cut with a 
swather and left in wind rows until the seeds mature and can be easily separated from 
their pods. The material is then picked up from the windrows by a combine or fed into a 
thresher 10-14 days later depending on moisture content (usually between 5.5 and 7%) 
As brassica crop pods easily shatter, threshing is conducted at a slow speed not nOlmally 
exceeding 700 rpm (George, 1999). 
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2.3.1. Forage species 
(i) Fodder turnip 
Turnips (B. campestris) (2n=20) have been grown for nearly 4,000 years and have 
spread all over the world from their original home in temperate Europe (Decoteau, 2000; 
Doijode, 2001). They are widely cultivated for their edible swollen roots and leaves. 
There are open-pollinated and hybrid cultivars. Turnips are biennial, dicotyledonous and 
largely self-incompatable (Doijode, 2001; Stewart, 2002). Turnip plants are usually light 
green, thin and hairy. The leaves are closely attached near the apex of the highly 
compressed stem. The taproot is distinctive, with few secondary roots developing from 
lower pOliions. The upper pOliion is often smooth without an evident neck (Rubatzky & 
Yamaguchi, 1997). 
Turnips are cool-season, frost-hardy crops. A moderately deep, highly fertile soil 
with a pH of 6.0 to 6.5 is best for growing turnips. Turnips are sown at between 0.75 and 
1.5 kg/ha depending on the time of season. Time of sowing depends on when the crop is 
required, while rate of sowing is influenced by seed size and method of sowing (White et 
al., 1999). Methods of sowing include direct drilling, conventional drilling and 
broadcasting with grass. These crops are susceptible to boron deficiency, which causes 
'brown heart' of their roots. Only the root to seed system is used for the production of 
basic seed (George, 1999). A satisfactory yield of turnip seed is 1.5 t/ha. The thousand 
seed weight (TSW) is approximately 4.3 g (George, 1999). For basic and 1 sl generation 
seed production, the isolation requirements are 400 m and 200 m, respectively. The 
minimum pure seed requirement is 99% (AgriQuality, 2004b). 
(ii) Turnip rape hybrid 
B. rapa x campestris is a turnip rape hybrid (c.v. Pasja) that was bred for rapid 
growth. Its country of origin is Poland (Kimber & McGregor, 1995). It is the non-bulbing 
fOlm of the true turnip. It is an early maturing hybrid (50-70 days) that is characterised by 
the production of large amounts of leaf (Wrightson, 2004). The bulb is well anchored in 
the soil and has a crown that enables the plant to re-grow vigorously. Pasja can produce 
up to 9 t DM/ha during the summer-autumn period. Pasja grows best when sown into a 
fine, film seedbed. Direct drilling into pre-sprayed pastures and cereal stubble has also 
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been used successfully (Wrightson, 2004). It is normally sown at the rate of 3-4 kg/ha at a 
depth of 1-2 cm from October to early autumn. Crops can tolerate a range in soil pH from 
5.0 to 8.0. The soil should be well structured, free draining, moisture retentive and deep. 
For basic and 1 st generation seed production, the isolation requirements are 400 m and 
200 m, respectively. The minimum pure seed requirement is 99% (AgriQuality, 2004b). 
(iii) Forage rape 
Rape (B. napus) (n=19) is believed to be the oldest brassica species and is grown 
throughout the world (Kimber and McGregor, 1995). Rape produces numerous leaves 
from a short fibrous stem, but no bulb or fleshy stem (White et al., 1999). Rape is early 
maturing (70-85 days) and is therefore used to finish stock over the summer and autumn 
periods. It is nom1ally sown from the 1 st to the 15th October at the rate of 3-4 kg/ha at a 
depth of 1-2 cm in a fine firm seedbed. It is tolerant to hot, dry conditions and has an 
average seed yield of 1.7 t/ha. Flowering occurs from mid November till the end of 
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December. The seed is normally harvested from mid to the end of January. Rapeseed is 
mature when all the seeds are black and when the seed moisture content is below 15% 
(Kimber and McGregor, 1995). The small spherical seed normally contains over 40% oil. 
Rape prefers a free-draining loam soil of medium to high fertility and grows well in warm 
temperatures and reasonably moist conditions (Claridge, 1972). For basic and 1 st 
generation seed production, the isolation requirements are 400 m and 200 m, respectively. 
The minimum pure seed requirement is 99% (AgriQuality, 2004b). 
2.3.2. Asian vegetable species 
(i) Chinese kale 
Chinese kale (B. oleraceae var. alboglabra L.) is a perennial, grown as an annual, 
with dull or glossy thick green or somewhat glaucous leaves and fleshy inflorescences 
(Herklots, 1972). The kales are fOlIDS of B. oleraceae morphologically most closely 
related to wild cabbage (Nieuwhof, 1969). Chinese kale (2n=18) is sown at the rate of 5 
kg/ha from the 1 st to the 20th of September in raised seed beds. Seed is harvested in 
March. Its average yield is 1.55 tlha. Hybrid Chinese kale is sown at the rate of 1-1.25 
kg/ha from the 1 st to the 15th of September. Its average yield is 300 - 550 kg/ha and has a 
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recommended isolation distance of 2 km. Chinese kale produces white flowers and seed 
is harvested in late March to early April (Grant Smith pers. comm., 2004). Chinese kale is 
open pollinated and is n0l111ally sown with a precision dril1. Chinese kale, Chinese rape 
and Choisum are rich in vitamins A and D (Larkgom, 1997) and an important component 
of Asian cooking. Seed of all three species is produced in New Zealand under contract to 
Asian seed companies for stock seed and subsequently exported back to Asia. 
(ii) Chinese rape 
Chinese rape (B. napus) (n=10) probably arose as a cross between the Chinese 
cabbage and the wild tumip in the Mediterranean region, the area of contact of both the 
families of origin (Saedler, 2004). It usually spends three months in the ground and 
flowers after 6 weeks. It is an open pollinated, small-seeded dicotyledonous plant (Major, 
1977). It can be grown as a winter-cover crop, providing good coverage of the soil in 
winter and limiting N run-off. Its leaves are generally lobed, 10-30 cm long, half as 
wide, near glabrous, but with scattered hairs. Flower stems are much branched, up to 1 
metre. Young rape plants can be used as pot herbs, similar to spinach (Magness et at., 
1971). It is usually directly drilled (300 mm between rows and 50 mm between plants) 
into well-raised seed beds at a depth of 5-10 mm. 
(iii) Choisum 
Choisum (B. rapa var. pekinensis) originated in China. It is usually directly drilled 
(300 mm between rows and 50 mm between plants) into well-raised seed beds at a depth 
of 5-10 mm (Waters et aZ., 1992) and has a growing time of around 50 days. The seed 
crop requires a soil pH of 6.0-7.5 and liming should be applied during soil preparations. 
The seed crop is produced by either the 'head to seed' or 'seed to seed' method. The 
typical seed yield for an open-pollinated cultivar is 1.7 t/ha. The TSW is approximately 
3.0 g (George, 1999). Choisum prefers a cooler environment by nature (Nishi, 1980). 
Hence, it is well suited to New Zealand's climate. Plant shapes are divided according to 
the degree of heading into non-half- and completely-headed types, which have further 
variations of the head such as long or sh01i, tapered or round top, wrapped-over or joined-
up inner leaves. 
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Contracts require a minimum gel1nination of 85% and minimum purity of 99% 
(Grant Smith, pers. comm., 2004). The minimum isolation distance is 1-2 km. The 
sowing date ranges from October the 151 to the 151h • Flowering is from mid November to 
the end of December and occurs 6 weeks after sowing. Harvesting is around mid to the 
end of January (Grant Smith, pers. comm., 2004). 
2.4. Brassica seed quality 
Seed quality refers to a number of seed related properties which may have varying 
degrees of practical importance for agriculture (Hampton, 2002). It can be viewed as a 
standard of excellence in certain characters or attributes that will determine the 
perfol1nance of the seed when sown or stored (Hampton, 2002). Thomson (1979) stated 
that seed quality is a multiple concept which is comprised of ,several components. To 
many users, quality seed is that which will gel111inate and is free from undesirable weed 
species (Hampton, 2002). However, Coolbear and Hill (1988) grouped the components of 
seed quality into three categories: 
1. Description: 
2. Hygiene: 
3. Potential perfol1nance: 
species and cultivar purity; analytical purity; 
unifol1nity; seed weight. 
noxious weed contamination; seed health; storage 
fungi contamination; insect and mite contamination. 
gel111ination; vigour; moisture content; field 
emergence and unifol111ity; storability. 
Quality seed ensures good gelmination, rapid emergence and vigorous growth 
(Vavrina, 2001), that lead to excellent perfOlmance in the field (McDonald and Copeland, 
1997). Halmer (2000) stated that seed quality strongly affects crop success or failure, 
patiicularly in a stressful environment. Seed quality affects crop establishment, growth 
and yield (Finch-Savage, 1995). The quality of seeds has an influence on the production 
economics in crops of all species (Finch-Savage, 1995; Hampton, 2002). 
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2.4.1. Seed germination 
As a reproductive unit, seeds must be able to genninate and establish seedlings 
(McDonald and Copeland, 1997). Gennination is a series of physiological processes that 
result in a quiescent seed with a relatively low metabolic rate, initiating the fonnation of a 
seedling from the embryo (Bewley and Black, 1994). Seed physiologists define 
gelmination as being "the emergence of the radicle through the seed coat" (Copeland and 
McDonald, 2001). However, the International Seed Testing Association Rules (ISTA, 
2005) specify that gennination of a seed in a laboratory test is the emergence and 
development of the seedling to a stage where the aspect of its essential structures 
indicates whether or not it is able to develop fm1her into a satisfactory plant under 
favourable conditions in the soil. The essential structures include: 
i. root system (the primary root is intact; acceptable defects include: 
discoloured or necrotic spots, healed cracks and splits, and superficial cracks 
and splits.) 
ii. shoot system (the elongated hypocotyl is intact; acceptable defects 
include: discoloured or necrotic spots, healed cracks and splits, superficial 
cracks and splits and loose twists; the tenninal bud is intact; the cotyledons are 
intact; acceptable defects include: up to 50% of tissue not functioning 
nOlmally, only one intact cotyledon, and three cotyledons.) 
(ISTA,2003). 
Forage brassicas are tested for gennination using the top of paper (TP) method at 
alternating temperatures (20/30°C). They are evaluated for nonnal seedlings at 3 and 5 
days with a final count at 7 days for nOlmal and abnonnal seedlings and the remainder 
(IST A, 2005). Chinese rape and choisum are also tested for gennination using the TP 
method at alternating temperatures (20/30°C). They are evaluated for nOlmal seedlings at 
5 days with a final count at 7 days for nonnal and abnonnal seedlings and the remainder 
(1ST A, 2005). Chinese kale is tested for gennination using the TP method at alternating 
temperatures (20/30°C). It is evaluated for norn1al seedlings at 5 days with a final count 
at 10 days for nOlmal and abnonnal seedlings and the remainder (ISTA, 2005). 
In Canterbury, brassica seed nOlmally possesses high gelmination, i.e. above 85% 
(Table 3). 
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Table 2.3. Forage and Asian brassica species average gennination data for the 2004 
season. Infol1nation provided by New Zealand Seed Technology Institute (2004). 
Forage Species Mean Germ. (%) Asian species Mean Germ. 
(%) 
Kale 88 Kale 89 
Rape 91 Rape 96 
Turnip rape 94 Others 92 
Swede 93 Choisum N/A 
Turnip 93 
The measurement of quality must take into account the percentage of seeds that 
gel1ninate (Bean, 1980). Hence, many countries have legislated minimum gel1nination 
standards, on which seed is traded. However, New Zealand does not possess such 
standards (Barbara Brunton, pel's. comm., 2004). In Utah, America the minimum 
laboratory germination standard for commercial kale is 75% (Utah Administrative Code, 
2000). Yet, minimum gelmination standards for seed offered for sale, are in effect a 
pragmatic compromise between the ideal of 100% normal gennination and the relative 
difficulties of providing enough seed of adequate quality to satisfy growers' demands for 
planting material (Kelly and George, 1998). Hampton and Hill (1990) stated that a 
gelmination test result less than an accepted standard (e.g. below 90%) indicates that the 
quality of the seed lot is suspect because physiological seed deterioration has begun. 
The gelmination result often overestimates the actual field emergence of seed lots 
(Priestly, 1986; Copeland and McDonald, 2001). The gelmination test is carried out 
under optimum conditions, but these conditions do not always exist in the field; hence the 
standard gelmination test may fail to provide accurate infonnation regarding seed lot 
field perfonnance. 
2.5. Seed vigour 
Seed lots of the same chronological age, certification class and gelmination values 
often differ in field perfonnance, and may differ in their gennination after 
storage/transport in the same environment to the same destination (Hampton, 1999). 
These perfOlmance differences may be related to seed vigour. Gennination tests fail to 
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account for the progressive nature of seed deterioration which is reflected by seed vigour 
(Elias and Copeland, 1997; McDonald and Copeland, 1997). 1ST A (2005) defined seed 
vigour as the sum of those properties that detelmine the activity and perfOlmance of seed 
lots of acceptable gelmination in a wide range of environments. Peny (1981) stated that 
seed vigour is not a single measurable property, but a concept describing several 
characteristics associated with the following aspects of seed lot perfOlmance: 
1. Rate and uniformity of seed gelmination and seedling growth. 
11. Emergence ability of seeds under unfavourable environmental conditions. 
111. Perfonnance after storage, particularly the retention of the ability to germinate. 
A vigorous seed lot is one that is potentially able to perform well even under 
environmental conditions which are not optimal for the species (ISTA, 2005). To gain 
infOlmation on the potential performance of a seed lot, seed is tested for viability and 
increasingly vigour (Hampton, 1995). However, while many growers have the skills 
required (or access to infonned technology transfer personnel) to enable them to produce 
seed lots which meet purity, health and gelmination contract standards, few know how to 
produce seed lots which provide rapid and unifOlm emergence under a wide range of 
conditions (i.e. high vigour seed) (Hampton, 2002). Hampton (1999) stated that 
producing high vigour seed lots is presently more a result of good luck rather than good 
management. Hence, vigour testing methods have been developed to provide separations 
between low and high vigour seed lots. 
2.5.1. Obj ective of vigour testing 
The object of a seed vigour test is to provide infOlmation about the planting value 
in a wide range of environments and/or storage potential of seed lots (ISTA, 2005). 
However, Hampton and TeKrony (1995) stated that the objectives for the seed vigour test 
differ with different applications. According to McDonald (1975) and Hampton (1993) a 
vigour test must: 
1. Provide a more sensitive index of seed quality than the gelmination test. 
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11. Consistently rank seed lots in terms of potential perfonnance in the field 
and/or storage. 
111. Be objective, inexpensive, uncomplicated, rapid, reproducible, 
interpretable and related to seedling field emergence. 
2.5.2. Factors affecting seed vigour 
As the seed develops, a series of morphological and physiological changes occur, 
from feliilisation to the accumulation of nutrients. Such changes will alter seed 
perfol111ance potential (Copeland and McDonald, 2001). The point at which the seed 
achieves its maximum dry weight, i.e. physiological maturity (PM), is where the seed has 
the greatest potential for maximum gennination and vigour (Delouche, 1974, as cited by 
Copeland and McDonald, 2001; TeKrony and Egli, 1997). Many factors influence seed 
vigour. Genetic constitution, environment during seed development, seed size, seed 
maturity and seed storage environment are among such factors (Hampton, 2002). For 
example, Cookson et al. (2001) observed that seed lot N concentration, TSW and seed 
age had significant (P<O.OOI) effects on seed vigour in perennial ryegrass (Lolium 
perenne L.). 
2.5.3. Genetic constitution 
Over many centuries of cultivation and unconscious selection by ancient cultures 
the primitive annual Brassicas have developed from a simple plant f01111 akin to the wild 
tUl11ip, to a series of forms with enlarged storage organs suitable for human consumption 
(Stewali, 2002). Through such selection to increase yield, plant breeders may also have 
inadveliently selected for increased seed vigour (Copeland and McDonald, 2001). The 
expression of seed vigour may be influenced by such factors as: hybrid vigour, 
susceptibility to seed damage, and the chemical composition (McDonald, 1999; Copeland 
and McDonald, 2001). Mechanical integrity, resistance to disease, protein content, and 
seed size are factors which have lead to better field emergence, and hence increased 
yield. These factors (which are under genetic control) influence the expression of seed 
quality (Copeland and McDonald, 2001). Heather and Sieczka (1991) observed cultivar 
differences in broccoli (B. oleracea L.) seedling emergence. The cultivar "Greenlady" 
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(lighter seed with shrivelled seedcoats) had a lower percentage emergence than "Mariner" 
which had consistently heavier and larger seed and hence, greater emergence percentage. 
2.5.4. Environment during seed development 
Environmental factors regulating seed fill may negatively impact on seed vigour 
expression (McDonald, 1999). The impOliance of climatic components is well recognised 
for seed production (Delouche, 1980). This is best demonstrated by the evidence that 
celiain crop production is concentrated in specific areas. For, example forage brassica 
crops are generally grown in cool temperate areas (e.g. New Zealand) as opposed to the 
hot, high humidity climate of the tropics. In cool environments, seeds complete 
maturation, dry down and are harvested with little risk of adverse humidity levels 
(Copeland and McDonald, 2001). Environmental conditions during crop growth influence 
subsequent seed yield, gelmination ability and vigour. Exposure to wide temperature and 
moisture fluctuations and high inoculum levels of pathogens in the field during 
maturation make seed vulnerable to rapid vigour loss (D0111bos, 1995a). 
Following PM, the stage of seed development associated with maximum potential 
vigour, the progressive loss of seed vigour is inevitable (D0111bos, 1995a). D0111bos 
(1995b) suggested three environmental factors (rainfall, temperature and relative 
humidity (RH)) contribute to seed vigour decline after PM. 
Firstly, alte111ate drying and wetting (weathering) leads to a rapid differential 
absorption of water by different seed tissues, then subsequent deterioration (D0111bos, 
1995b). This weathering damage may lead to seed invasion by microflora and hence, seed 
vigour will be adversely affected through physical damage and biochemical degradation 
(Coolbear, 1995; Fenemore et al., 1999). 
MOlTison and Stewart (2002) observed that heat stress in canola resulted in 
reduced flower numbers, seed yield and the number and size of the seeds produced per 
flower. Angadi et al. (2000) observed that severe heat stress (35°CI15°C) during early 
flowering and pod formation significantly reduced TSW in canola (B. napus), B. rapa 
and mustard (B.juncea). 
Thirdly, Walm humid weather prolongs the desiccation period between PM and 
harvest maturity (i.e. the decline in seed moisture content from ca. 50% to ca. 14%). 
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Continual respiration and consumption of readily metabolised cell contents such as sugars 
can reduce vigour (TeKrony et ai., 1980). 
2.5.5. Soil fertility 
A direct relationship between soil fertility and seed vigour has been reported in a 
number of species (Copeland and McDonald, 2001). As yet there have been no studies 
published repOliing a direct link between soil fertility and brassica seed vigour. 
2.5.6. Sowing date and plant density 
Sowing dates will influence crop establishment, seedling growth and development 
and seed maturation, as well as seed yield and quality (Stone et ai., 1998). Kirkland and 
Johnson (2000) investigated the effect of alternate sowing dates on canola yield and 
quality. Alternate sowing dates (late October (autumn) and mid to late April (spring)) 
improved both seed yield and seed weight as compared to the traditional sowing of mid 
May (Kirkland and Johnson, 2000). Autumn and spring sown canola tolerated spring 
frosts and avoided adversely hot, dry weather during the flowering period, thus 
improving canola seed yield and quality (Kirkland and Johnson, 2000). However, Komba 
(2003) did not observe any significant difference in kale (B. oieraceae) seed vigour in a 
comparison of February and March sowing dates, possible due to less severe conditions. 
TSW was different between the two sowing dates, but only marginally (Komba, 2003). 
2.5.7. Moisture stress 
Drought stress is known to affect harvest index (HI) and hence seed yield 
(TeKrony et aI., 1980; Stone et al., 2001; Earl and Davis, 2003). Copeland and 
McDonald (2001) stated that soil moisture stress during seed development can affect seed 
development and result in light, shrivelled seed, which in tum, results in poor vigour 
seed. The influence of soil moisture stress on seed quality will vary between crop species. 
In soybean, severe drought during seed fill reduced yield and seed number at a faster rate 
than seed mass, germination, or vigour and maintained the development of at least some 
viable and vigorous seeds (Dornbos et ai., 1989). 
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2.5.8. Harvesting time 
One of the most impOliant factors governing seed vigour is seed maturation (i.e., 
timing and length of seed maturation) (McDonald, 1999). A number of methods for 
detel111ining harvesting time have been used. These include days after anthesis (Hare and 
Lucas, 1984; Hampton et al., 1998), seed moisture content (SMC) (Hampton and 
Rowalih, 1998), peak flowering and finnness (Wills et al., 1998), endospenn consistency 
(Pegler (1976), as cited by Hebblethwaite (1980)) and crop colour (Hung, 2003; Samarah 
and Mullen, 2004). Most Asian brassica seed crops are cut when the pod changes colour 
from green to yellow/brownlblack (Grant Smith, pel's. comm., 2004). 
Wagner et al. (2001) observed that maximum seed quality in rape OCCUlTed in the 
later stages of development (1100 or 1200 degree days post flowering, depending on 
variety). Yet, mass maturity (end of seed filling phase) occurred 900 DAF (variety A) and 
1000 DAF (variety B). Hence, maximum seed quality OCCUlTed after mass maturity. Gray 
et al. (1985) observed that maximum seed yield in cabbage was obtained from plants cut 
and windrowed 80 days after 50% had produced flowers, and when the SMC was 
approximately 50%. Maximum seed quality (as assessed by unifol111, rapid and highest 
percent gennination/emergence) was obtained from plants cut 2-3 weeks later and when 
the SMC was around 30%. 
Gusta et al. (2004) observed that on average 80% of autumn (late October) 
harvested seeds were larger than 1.7 mm compared with only 32% for mid-May 
harvested canola seed. Field studies showed that autumn and spring harvested seed 
resulted in higher plant densities and higher seed yields compared with May harvested 
seed, especially under stressful conditions (low soil temperature and lack of available soil 
moisture) (Gusta et al., 2004). Gusta et al. (2004) observed significant differences when 
canola seed was gelminated at 8°C. Komba (2003) observed that vigour in kale seed was 
significantly reduced at all samplings from the swath 20 days after cutting for February 
sown crops, and on days 36 and 37 after cutting for a March sown crop. 
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2.5.9. Position on m9ther plant 
The influence of seed position on seed quality has been investigated in many 
species, and components such as seed size, embryo size, gelmination and vigour are 
known to vary, depending on such factors as assimilate supply, photosynthetic activity, 
plant morphology, maturity and the micro-environment (Hampton, 1999). Gray et al. 
(1985) observed that there was no effect of cabbage seed position on the branch, or of 
branch position, on mean weight per seed when harvested. At early harvest (71 and 76 
days post-flowering), branches at the base of the plant gave a lower percentage 
gelmination or emergence than those harvested from the upper branches (Gray et al., 
1985). However, these effects on mean gennination time and emergence were small 
(Gray et al., 1985). Similarly, Eguchi et al. (1958) as cited by Gray et al. (1985) showed 
that position on the parent plant had very small effects on cabbage seed perfonnance. 
Komba (2003) did not observe any significant differences in mean TSW or 
laboratory gelmination of kale seed from pods in different positions on the plant. 
However, there was a slight difference in vigour, but it was not significantly different. 
Seeds from middle pods had higher vigour than those from top pods, though in general all 
had high mean vigour, i.e. a post accelerated ageing gennination of above 80% (Komba, 
2003). 
2.5.10. Seed size and weight 
Heydecker (1972) stated that larger seeds, with more 'initial capital', have an 
initial advantage over small ones. Williams et al. (1968) as cited by Heydecker (1972), 
have shown that, within a cultivar, and with nutrients and moisture non-limiting, the early 
effect of seed weight on seedling growth is linear for a considerable time. Copeland and 
McDonald (1995) stated that large seeds generally produce larger seedlings, which 
provide a competitive advantage over smaller seeds. Studies have shown that large seeds 
provide better establishment, larger plants, more vigorous plants and higher biomass than 
small seeds (Dubey et al., 1989; Elliot and Rakow, 1999). 
Seed size and weight are influenced by the stage of development, environmental 
factors during seed development and genetic constitution (Copeland and McDonald, 
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2001). Seedling m01iality caused by environmental factors and/or seed vigour typically 
affects pure live seed emergence (PLSE) (Lamb and Johnson, 2004). Hence, small seeded 
crops such as canola may be subject to more variable and higher rates of seedling 
mortality than larger seeded crops (Lamb and Johnson, 2004). Lingegowda and Andrews 
(1973) con-elated laboratory gelmination and vigour tests for tumip and cabbage with 
seed size. Heather and Sieczka (1991) observed that broccoli seedling stand, dry weight 
and final yield were affected by both cultivar and seed size. TSW and emergence also 
increased as seed size increased (Heather and Sieczka, 1991). Ahmed and Zuberi (1973) 
and Morrall and McKenzie (1977) observed that TSW in rapeseed was significantly 
affected by seed size at planting. However, Komba (2003) observed that in kale, medium 
(retained on a 2.0 mm screen) and small (retained on a 1.5 mm screen) seeds had higher 
vigour than very small (passed through a 1.5 mm screen) and large (retained on a 2.36 
mm screen) seeds. Lamb and Johnson (2004) reported that seed size did not influence 
PLSE in canola. Likewise, Shanmuganathan and Benjamin (1992) stated that seed size 
had little effect on seedling emergence time in cabbage. However, larger plants were 
derived from larger seeds (Shanmuganathan & Benjamin, 1992). Lang and Holmes 
(1964) observed that swede (B. napus var. napobrassica) seedling emergence was 
significantly affected by seed size. Large (> 1. 7 mm) and small «1.2 mm) seeds had a 
lower emergence percentage compared with graded seed (1.2-1.77 mm) (Lang and 
Holmes, 1964). Major (1977) positively con-elated seed size with vigour (plant weight, 30 
days post sowing) in greenhouse experiments. Dubey et al. (1989) observed larger size 
mustard seed (seed retained on a 2.1 mm screen) had greater gelmination and field 
emergence as opposed to smaller mustard seeds (seed retained on a 1.5 mm screen). 
Elliot and Rakow (1999) also noted that in oil seed rape seedling establishment, seedling 
growth and yield improved as seed size increased. 
2.5.11. Nutrition of the mother plant 
Elemental deficiencies and imbalances during seed development may affect seed 
vigour, paliicularly if they influence cell membrane integrity (Padrit et al., 1996). Powell 
(1988) stated that seed deterioration begins at seed PM, and there is strong evidence that 
damage to cell membranes is the fundamental cause of the onset of this deterioration. 
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Padrit et al. (1996) listed 'mother plant nutrition' as one of the factors associated with 
seed vigour. To date there has been no published work which has investigated the 
relationship between brassica seed vigour and the nutrition status of the mother plant. 
2.5.12. Post-harvest factors 
If SMC is high at harvest and seed is left in sacks or bins along with seed debris 
(chaff and other vegetative matter; without immediate drying to a safe level), then 
respiration occurs. Respiration produces both heat and moisture which if present in 
excessive amounts, creates conditions ideal for the growth and development of insects 
and storage fungi (Hill, 1999). Fungi cause seed deterioration through the production of 
exocellular hydrolytic enzymes and/or toxins. These enzymes damage the cellular 
membrane, causing leakage within the seed (Coolbear, 1995). 
High seed moisture at time of harvest can also result in mechanical damage. 
Mechanical damage can initiate loss of seed vigour through seed bruising, which results 
in dead tissue within the seed. Dead tissue makes the seed more susceptible to rapid 
deterioration in storage (through fungal invasion), even under "good" storage conditions 
(Hill, 1999). Drying can mechanically damage the seed and initiate loss of vigour through 
uneven shrinkage. If the seed is dried too quickly, uneven shrinkage occurs within the 
endospenn causing stress. Such stress is released through the fonnation of stress cracks in 
the grain. Seed cracks deem the seed susceptible to fungal invasion. High temperatures in 
aliificial drying of seed that is moist are paliicularly injurious (Hill, 1999). Hydration of 
the embryo appears to increase its heat sensitivity. Gray et al. (1985) observed that 
aliificial drying (28°C, 60% RH), for which the moisture loss was 10% per day, reduced 
viability and increased the leakage of ions compared with freshly harvested, natural1y 
dried seeds. 
Fenemore et al. (1999) stated that insect pests can inflict damage to the seed and 
initiate seed deterioration, fol1owed by loss of vigour. Such damage can occur during all 
stages of seed production. Insects and mites ca11'Y fungal spores. When pests damage the 
seed both externally and internally, conditions are created which are ideal for fungal 
invasion. Insect pests can consume the embryo and hence kill the seed. However, if the 
embryo does survive, so much of the endospelID may be consumed that too little remains 
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to support a seedling. Komba (2003) observed that storing kale seed for one year at room 
temperature (15-20°e) did not affect seed germination or vigour. 
2.6. Vigour testing 
The history of seed vigour testing began with the development of the standard 
gennination test (McDonald, 1993). DOl11bos (1995a) stated that seed vigour was 
previously referred to as the "driving force" or "shooting strength" of seeds. Early in the 
twentieth century the brick grit test was developed to evaluate cereal seed emergence, in 
association with the tenll "triebkraft" or vigour (Dol11bos, 1995a). Presently, ISTA (2005) 
uses conductivity and accelerated ageing (AA) tests to assess seed lot vigour in pea 
(Pisum sativum) and soybean (Glycine max (L.) Merrill), respectively. 
Vigour infolmation can be used by seed producers to monitor seed quality during 
the various phases of seed production. Seed vigour tests can be used to reveal where the 
loss in seed vigour has occUlTed, i.e. during combining, cleaning, drying, storage, bagging 
etc. and thereby pinpoint adverse practices which could be eliminated (AOSA, 1983). 
Seed lot vigour infOlmation is important when seed lots are to be sown into harsh 
environments (Hampton and Hill, 1990), aerially sown into a range of environments, or 
selected for suitability for seed coating (Hampton and TeKrony, 1995). Hampton and 
TeKI'ony (1995) stated that seed store managers and seed exporters may also use vigour 
infol111ation in assisting with managerial decisions. 
2.7. Overview of the accelerated ageing and conductivity test 
2.7.1. Accelerated ageing (AA) 
Seed vigour testing is an impOliant component of seed industry quality control 
(Jianhua and McDonald, 1997). Vigour tests provide information about the physiological 
quality of a seed lot (Elias and Copeland, 1997). One of the most popular seed vigour 
tests is the AA test. According to Ferguson-Spears (1995), the AA test is the second most 
popular test in the United States, surpassed only by the cold test. When determining seed 
vigour, the general strategy is to measure various aspects of seed deterioration or genetic 
deficiency, which are inversely related to seed vigour (Elias and Copeland, 1997). 
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Accelerated ageing was initially developed as a test to estimate the longevity of 
seed in commercial storage (Delouche and Baskin, 1973). This test has since been 
successfully related to field emergence and stand establishment in a number of species, 
for example, Arachis hypogaea, B. oleracea, B. rapa, Capsicum spp., Lolium perenne 
and Zea mays etc. (Hampton and TeKrony, 1995). The suggested ageing temperature and 
duration for Brassica species is 41°C for 72 h (Hampton and TeKrony, 1995), but 
whether this is COlTect for all Brassica species is unknown. 
The AA test exposes seeds to high temperature and high relative humidity for a 
ShOli period of time. This causes rapid seed deterioration. Hampton and TeKrony (1995) 
stated that high vigour seed lots will withstand these extreme conditions and deteriorate at 
a slower rate than low vigour seed lots. Following ageing, the seeds are evaluated for 
gem1ination. The closer the post-ageing gelmination test result is to the pre-ageing result, 
the higher the vigour. 
Temperature and seed moisture content have the greatest effect on test results 
(TeKl'ony, 1993; Hampton and TeKl'ony, 1995). Other factors such as water level within 
the ageing box, seed quantity, seed size, the amount of condensation that accumulates in 
the outer ageing chamber during the test, minor changes in ageing temperature, for 
example caused by opening the door of the outer chamber, will also influence AA test 
results (TeKrony, 1993). The AA test is a simple, rapid and inexpensive vigour test 
(Copeland and McDonald, 2001). 
2.7.2. Conductivity test 
The conductivity test provides a measurement of electrolyte leakage from plant 
tissues and is used extensively for testing garden pea seed in Europe, Australia, New 
Zealand and North America (Hampton and TeKrony, 1995). Changes in the organisation 
of cell membranes occur during the development of seeds prior to PM, during seed 
desiccation before harvest, and during imbibition prior to gelmination (Abdul-Baki, 
1980). Powell (1988) stated that the integrity of cell membranes, determined by 
deteriorative biochemical changes and/or physical disruption, can be considered the 
fundamental cause of differences in seed vigour which are indirectly detelmined as 
electrolyte leakage during the conductivity test. 
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As a seed re-hydrates during early imbibition, the ability of its cellular membranes 
to reorganise and repair any damage that may have occUlTed will influence the extent of 
electrolyte leakage from the seed. The faster the speed at which the seed can re-establish 
its membrane integrity, the lower the rate of electrolyte leakage. Hence, higher vigour 
seeds are able to reorganise membranes rapidly, and repair any damage to a greater 
extent, than low vigour seeds (Hampton and TeKrony, 1995). Copeland and McDonald 
(2001) stated that during imbibition, seeds possessing poor membrane structures release 
cytoplasmic solutes into the imbibing medium. These solutes with electrolytic properties 
cany an electrical charge that can be detected and measured by a conductivity meter. 
2.8. Brassica and AA testing 
2.8.1. Available information 
Currently in the ISTA Rules there is no recommended AA test for Brassica species 
(ISTA, 2005). However, at the request of clients, the New Zealand Seed Technology 
Institute does conduct AA tests for brassica seed lots. Seed vigour ranking has varied 
over three seasons (Table 4). 
Table 2.4. Brassica vigour testing data. Average standard germination (%) and average 
gem1ination (%) post-accelerated ageing (AA) = vigour indicator. Information provided 
by New Zealand Seed Technology Institute (2004). 
2002 2003 2004 
Species Pre-AA Post- AA Pre-AA Post-AA Pre-AA Post-AA 
(%) (%) (%) (%) (%) (%) 
Turnip rape 95 79 97 71 97 58 
Rape 90 78 96 64 98 69 
Kale 89 53 95 56 94 80 
Turnip 97 28 99 81 98 69 
Pakchoy 99 93 N/A N/A N/A N/A 
Swede 93 62 98 89 97 81 
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2.8.2. Problems with the AA test for small seeded species 
lianhua and McDonald (1997) reported that despite the advantages and simplicity 
of the AA test, its primary use has been limited to large-seeded crops. The test has been 
less studied for vegetable, flower and turf crops. Correlation of accelerated ageing results 
with small seeded species seed quality has been poor (Powell, 1995). Among the several 
factors that influence the AA test result is seed size. Seed size will influence the final 
moisture and germination following ageing. For example, Tomes et al. (1988) observed 
that larger soybean seeds had a lower final seed moisture and germination than smaller 
seeds when the same number was placed in the ageing chamber. For small-seeded crops 
(e.g. most vegetable species), the traditional AA test procedure is considered by some 
workers (e.g. Powell, 1995) to have limitations, such as a non-uniform water absorption 
among samples. This in tum may result in varying degrees of deterioration, thus 
compromising the standardization of genuination results post-ageing (Rodo and Filho, 
2003). Powell (1995) reported that after 24 hours of accelerated ageing (100% RH at 
45°C) onion (Allium cepa L.) SMC ranged from 11.76 to 23.98%. Such variation in SMC 
will influence final vigour ranking (Powell, 1995). However, Komba (2003) did not find 
significant variation in SMC after AA testing of kale seed lots. Such contradictory results 
would be due to the difference in AA techniques used. 
Individual seeds may differ in their initial SMC. This will influence the final 
moisture content achieved following the ageing period (Powell, 1995). Such differences 
in SMC may influence the degree of ageing, thus resulting in the failure to separate seed 
lots in tenus of vigour ranking. Of equal concem is that the ranking of seed lots may be 
affected by initial seed moisture rather than vigour alone. lianhua and McDonald (1997) 
repOlied that the present AA test causes too rapid an increase in seed moisture in small-
seeded crops. Rapid increases in seed moisture content results in fungal growth. lianhua 
and McDonald (1997) reported that the use of water in the AA test for impatiens 
(Impatiens wallerana Hook) resulted in the growth of Penicillium fungi species. It is still 
not known whether growth of these organisms influences the deterioration of seeds 
during AA (Jianhua and McDonald, 1997). 
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2.8.3. Possible solutions 
Precise adjustment of SMC is an impractical and difficult objective to achieve and 
hence hinders test standardization. Approaches to delay seed moisture increases have 
been developed. Such approaches include the substitution of saturated salt solutions for 
water in the accelerated ageing box. The use of such solutions lowers the relative 
humidity values to a point low enough to discourage growth of the fungi (Jianhua and 
McDonald, 1997). 
Use of saturated salt for AA tests has also been used to detect vigour differences 
among seed lots in a number of crops such as green pepper (Capsicum anuum) 
(Panobianco and Marcos-Filho, 2001), calTot (Daucus carota) (Rodo et al., 2000), 
cucumber (Cucumis sativus) (Bhering et al., 2000) and tomato (Lycopersicon 
esculentum) (Panobianco and Marcos Filho, 2001). However, Ribeiro and Carvalho 
(2001) did not find the same efficiency when testing seed vigour in lettuce (Lactuca 
sativa), broccoli and carrot. Ribeiro and Carvalho (2001) reported that the use of NaCl 
and KCl in the accelerated ageing test did not lower the germination values sufficiently to 
allow comparison between seed lots. 
Adjusting time and temperature combinations may be another alternative. Elias 
and Copeland (1997) reported that the best method for the AA test in canola was 48 h at 
42°C followed by gennination for 7 d at 22°C. This test was significantly cOlTelated with 
field emergence in all seed lots. Verma et al. (2001) observed that AA (45°C - 0-96 h) 
resulted in separation of vigour amongst various mustard and turnip seed lots. High 
vigour seed lots retained high gelmination, whilst low vigour seed lots showed a marked 
decline in germination following ageing (Velma et aI., 2001). Verma et al. (2001) also 
observed that the AA test was a good predictor of mustard seed storage in certain 
varieties. However, no statistical cOlTelations were provided to back such comments. Da 
Costa Mello et al. (1999) observed that accelerated ageing of broccoli seeds for 48 hours 
at 42°C allowed the identification of high and low vigour seed lots. 
Komba (2003) altered ageing times and temperatures in the AA test with kale, 
because often the vigour of newly harvested kale seed as determined by the AA test 
conducted at 41 DC for 72 h was very low. Three different temperatures (40, 41 and 42°C 
± 0.3°C) and two ageing times (48, 72 h ± 15 minutes) were used with six seed lots. At 
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the completion of the AA test, the aged seeds were tested for gemlination and moisture 
content. Komba (2003) noted that SMC after AA ranged from 29.4 to 36.4% depending 
on the seed lot and treatment. Varying the AA time and/or temperature did not 
significantly affect SMC after AA, and there was no interaction between temperature and 
time, or among seed lots, temperature and time. Increasing the test temperature to 42°C 
resulted in a significant reduction in gelmination at both ageing times. For example at 
42°C (48 hours) the gelmination in seed lot 1 was 41 %. The pre AA germination 
percentage was 97%. The shorter ageing duration (48 h) combined with lower 
temperatures (40 or 41°C) produced higher germination percentages. Komba suggested 
that 41 °C/48 h be used for the AA test for kale because 41°C is already recommended for 
B. napus (Hampton and TeKrony, 1995). 
2.9. Brassica and conductivity testing 
2.9.1. Available information 
CUlTently in the ISTA Handbook of Vigour Test Methods (Hampton and TeKrony, 
1995), cabbage and brussel-sprouts (B. oleracea) are the only Brassica species for which 
the conductivity test has been used and the results related to field emergence. 
Elias and Copeland (1997) reported that soaking 200 uninjured, untreated canola 
seeds for16 h at noc in 50 ml of distilled water was suitable for the conductivity test. 
Verma et al. (2001) observed that as the ageing period of mustard and tumip seed 
increased, so too did the conductivity values. Verma et al. (2001) observed that the 
increase in conductivity values of seed leachates at different soaking periods in mustard 
and tumip seed was related to the initial degree of deterioration of the seed lots. A 
significant increase in leaching was observed after 24 hours of ageing. Verma et al. 
(2001) concluded that conductivity tests are more sensitive indices of seed quality than 
the standard germination test, despite failing to present any statistical cOlTelations. 
Matthews et al. (2001) observed that conductivity testing of oil seed rape aged for 
0, 8, 16, 24 and 32 hours at 20% SMC was highly predictable (r2 all in excess of 0.95) of 
germination after agemg. Zohair and Powell (2001) observed that cabbage and 
cauliflower seeds had a clear cOlTelation between conductivity and gelmination. 
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However, the leakage/gennination relationship was found to be independent of aliificial 
ageing methods. Ming et al. (1995) observed that the conductivity test in cabbage seed 
was highly correlated with field emergence. Da Costa Mello et al. (1999) observed that 
gernlination tests, seedling emergence and electrical conductivity (24 h in 25 ml) 
discriminated vigour differences in broccoli seed lots. Wagner et al. (2004) hied to 
extend the conductivity test to 5 species of crops grown in France. The temperature of the 
conductivity test was fixed at 20°C. For canola they found that 20°C for 16 h in 50 ml 
water (100 seeds) produced sound results. 
2.9.2 Problems with the conductivity test 
Conductivity readings assume that the genninable and non-genninable seeds of all 
seed lots have similar levels of solute leakage, regardless of seed size, or seed age 
(Thornton et al., 1990). Seed ageing can result in large increases in the solute leakage 
from seeds even before the ability to genninate is lost. Differences in the natural age of 
seed lots or individual seeds may result in differences in the level of leakage and 
contribute to difficulties in deternlining leachate conductivity (Thornton et al., 1990; 
Mirdad et al., 2004). Hepburn et al. (1984) observed that genninable pea and bean (P. 
vulgaris) seeds from a large seeded lot gave similar high conductivities to non-
genninable seeds within a seed lot. Hence, this result highlighted the fact that 
conductivity testing failed to differentiate between non-viable and viable seeds. However 
in practice, conductivity testing would not be conducted until the gennination of a seed 
lot was known. Vigour testing of low genninating seed lots serves little purpose. Vigour 
testing is used to differentiate among high genninating seed lots (Hampton and TeKrony, 
1995). 
Hampton (1995a) repOlied that injured seeds, pathogens, seed treatments, seed size, 
initial SMC and cultivar may all influence conductivity. A method to solve such 
variability would be to try and get unifOlID SMC prior to testing. Yet commercially, this 
may not be viable. Another method would be to detelIDine the seed's moisture content 
prior to testing. However, individual SMC may still influence final results. 
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2.10. Developing vigour tests for Brassica species 
Traditionally, analytical purity and gel111ination capacity have tended to be the 
only properties of seed considered when assessing seed quality (Scott and Hampton, 
1985). Hampton and Hill (1990) stated that the slow uptake of vigour testing is a result of 
a lack of suitable vigour tests for many species, limitations of many cunent testing 
methods, and reluctance in the market place to utilise vigour information. While 
assessment of seed quality and treatments to improve seed performance have received 
considerable research attention (Hampton, 1991), the emphasis has been solely on the end 
product, the seed as received for quality evaluation. Management has usually 
concentrated on optimising seed yields, under the assumption that conditions which 
promote seed yield also culminate in conditions which produce the best quality seed 
(Hampton, 1991). Very few seed producers have a clear understanding of what affects 
seed quality and subsequently how to produce high quality seed. 
Available infOlmation on vigour testing is somewhat limited and contradictory. 
Authors such as Powell (1995) have reported SMC variations in AA testing of onions. 
However, Komba (2003) did not observe such variation when AA testing for kale, due to 
the different AA technique used. 
Few authors have investigated the relationship between seed vigour ranking in the 
laboratory and field perfOlmance in Brassica species. Vigour tests designed to produce 
some index of expected field perfOlmance intel11ationally may not be applicable for New 
Zealand. 
Temperature, SMC and time all influence AA results. Conoect combinations of 
these variables are not known for each Brassica species. For example, an AA test 
(41°CI72 h) may be appropriate for tUl11ip but not Chinese kale. No published work has 
investigated conect combinations for Asian brassica seed. Previous authors (Jianhua and 
McDonald, 1997) have suggested the use of saturated salts as a better method for 
detelmining vigour in small seeded crops (i.e. impatiens), yet nothing has been published 
regarding brassica seed. There has been no published work on whether or not the 
conductivity test is a better predictor of brassica vigour (e.g. field perfOlmance) than the 
standard gelmination test. The need for developing new parameters for existing tests to 
predict field perfOlmance is more than justified. 
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Seed vigour in the laboratory will not necessarily be related to seed performance 
111 the field. The influence of soil condition, particularly soil crusting, soil moisture 
content and temperature will affect establishment. While laboratory vigour tests do create 
stressful environments for seeds, they cannot account for all environmental influences in 
the field. Therefore, there is a need to statistically cOlTelate laboratory vigour tests with 
field perfOlmance. 
By developing better vigour testing methods, more accurate vigour information 
would be available to seed producers. Producers within the seed industry could use such 
infOlmation to investigate methods and factors which influence seed quality. Hence, 
standards for producing high quality seed could be further developed, and overall 
knowledge of the storability of celiain seed lots could be obtained. 
2.11. Conclusions 
• The suggested AA vigour test for Brassica species is 41 DC for 72 h (Hampton and 
TeKrony, 1995). It is not known if this method is optimal for all Brassica spp. 
• CUlTently in the 1ST A Handbook of Vigour Test Methods (Hampton and TeKrony, 
1995), cabbage and Brussels sprouts are the only Brassica spp. for which 
conductivity test data have been cOlTelated with field emergence data. This test may 
have the potential to be used to predict vigour in other Brassica spp. 
• Saturated salts have been used as a medium in the AA tests for small seeded crops. 
It is unknown whether or not saturated salts can be used in the AA test in Brassica 
speCIes. 
• There are contradictory repOlis on the effect of seed size in relation to vigour and 
no data on Asian Brassica spp. has been published. 
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CHAPTER 3 
IS THE CURRENT AA TEST USED FOR BRASSICA SPECIES OPTIMAL FOR 
ALL SPECIES? 
3.1. Introduction 
The accelerated ageing (AA) test exposes seeds to two environmental variables 
(high temperature and high relative humidity) for a short period of time (ISTA, 2005). 
During the test, seeds absorb moisture from the humid environment and the raised seed 
moisture content (SMC), along with the high temperature, accelerates seed deterioration. 
Hampton and TeKrony (1995) stated that high vigour seed lots will withstand these 
extreme conditions and deteriorate at a slower rate than low vigour seed lots. Following 
ageing, the seeds are evaluated for gennination. The closer the post-ageing gennination 
test result is to the pre-ageing result, the higher the vigour. 
Temperature and SMC have the greatest effect on test results (Hampton and 
TeKI'ony, 1995; TeKrony, 2003). Other factors such as water level within the ageing box, 
seed quantity, seed size, the amount of condensation that accumulates in the outer ageing 
chamber during the test, minor changes in ageing temperature (e.g. by opening the door 
of the outer chamber), will also influence AA test results (TeKrony, 2003). 
While accelerated ageing was initially developed as a test to estimate the 
longevity of seed in commercial storage (Delouche and Baskin, 1973), it has also been 
used as an indicator of likely field perfonnance. Results from the AA test have been 
successfully related to field emergence and stand establishment in a number of species, 
for example Arachis hypogaea, B. oleracea, B. rapa, Capsicum spp., Loliuln perenne and 
Zea mays (Hampton and TeKI'ony, 1995). 
The suggested ageing temperature and duration for Brassica spp. is 41°C for 72 h 
(Hampton and TeKrony, 1995). However, Komba (2003) found 41°C for 72 h produced 
results which rated all seed lots as low vigour but for kale (B. oleracea L. var acephala 
DC), ageing conditions of 41°C for 48 h provided an improved separation of seed lots. 
Whether this was applicable to other Brassica spp. was investigated. 
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3.2. Materials and methods 
3.2.1. Seed lots 
Three seed lots of tUl11ip (B. campestris), forage rape (B. nap us) and tUl11ip rape 
hybrid (B. rapa x campestris) were supplied by Wrightson Research (Kimihia Research 
Centre, Lincoln, Canterbury) and seven seed lots of Asian rape (B. napus), six seed lots 
of Asian kale (B. oleraceae var. alboglabra L.) and five seed lots of choisum (B. rapa 
var. pekinensis) were supplied by Smiths Seeds to the New Zealand Seed Technology 
Insitute where the experiment was undeliaken. All seed lots had a laboratory gelmination 
of 90% or greater. 
3.2.2. Germination test 
For both the control and post-AA gelmination test, the top of paper (TP) method 
was used (ISTA, 2005). For each test, four replicates of 50 seeds were taken at random 
from the pure fraction of a seed lot (ISTA, 2005). The 50 seeds were placed onto a double 
layer of moist germination blotter (Anchor Paper Co., St. Paul, Minnesota) which was 
then put into a plastic sandwich box. A lid was placed on the box which was positioned 
into a controlled altel11ating temperature room (20°C for 16 h/30°C for 8 h). Gelmination 
was assessed at 3, 5, 7 days (nOlmal seedlings) and 10 days (normal and abnormal 
seedlings and remainder) depending on species (ISTA, 2005). 
N0l111al seedlings are those that show potential for continued development when 
grown in good quality soil and under favourable conditions of moisture, temperature and 
light. They are intact seedlings with the essential structures (root and shoot systems) well 
developed, complete and healthy. Abno1TI1al seedlings are those which fail to show the 
potential to develop into a normal plant, when grown in good quality soil under 
favourable conditions of moisture, temperature and light. They may be either damaged 
seedlings, defOlmed or unbalanced seedlings, or decayed seedlings (ISTA, 2005). The 
remainder refers to ungerminated seeds by the end of the test period under normal test 
conditions; these may be hard seeds, fresh ungerminated seeds or dead seeds (ISTA, 
2005). 
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3.2.3. Seed moisture content 
Seed moisture content was detennined before each experiment. For each seed lot, 
5-6 g of seed was weighed to three decimal places before being placed into an aluminium 
container and dried in a forced-air oven at 103°C for 17 hours (1ST A, 2005). The seeds 
were then placed into a dessicator for 15 minutes. Dried seeds were re-weighed and SMC 
percentage was calculated on a fresh weight basis using the following equation: 
where: MJ = moisture tin with cover pre oven 
M2 = moisture tin with cover and seed pre-oven 
M3 = moisture tin with cover and seed post oven. 
Post-AA SMC was calculated using the following formula: 
where: Post-AA weight = 100 - initial weight x (100 x initial SMC/100 - x) 
where x = post-AA SMC. 
3.2.4. Accelerated ageing test 
The method used was described by Hampton and TeKrony (1995) and ISTA 
(2005). The inner-ageing chamber was a plastic AA box (11.0 x 11.0 x 3.5 cm, length x 
width x depth) with a tight fitting lid, into which a plastic or wire tray with a 10.0 x 10.0 
x 3.0 cm (length x width x depth) mesh screen was placed. The pore size of the mesh 
screen was 1.16 ± 0.01 mm x 1.63 ± 0.01 mm - i.e. 1.89 mm2. One gram of seeds was 
weighed and spread as a single layer on the wire mesh tray and then placed into the inner 
ageing chamber. One ageing solution (40 ml ± 1.0 ml H20), two different temperatures 
(41, 42°C) and three ageing times (24, 48 and 72 h) were used for all twenty-seven seed 
lots. At the completion of the AA test, aged seeds were tested for gennination and 
moisture content as described in 3.3.1 and 3.3.2. 
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3.2.5. Visual Assessment of Fungi 
Following the AA test, seeds were visually assessed for fungal growth, both in the 
AA boxes and on the germination paper. Fungal growth was scored as: 
1. High (70-100% of seeds infested) - (H) 
11. Medium (40-]0% of seeds infested) - (M) 
111. Low (0-40% of seeds infested) - (L) 
Plate 3.1. Example of a seed lot with high (H) fungal infestation. 
3.2.6. Vigour grading 
Following ageing, seed lots were VIgOur graded. If a seed lot's post-AA 
germination result was less than 10% below that of the original germination test result, it 
was classed as Grade A, meaning that the seed lot is of high vigour and is expected to 
perform under most conditions. If a seed lot's post-AA germination results were between 
11-30% below the original germination test result, it was classed as Grade B, meaning 
that the seed lot may not perform when conditions are less than ideal. If a seed lot's post-
AA germination result was more than 30% below that of the original germination test 
result, it was classed as Grade C, meaning that the seed lot was of low vigour and is 
expected to perform only when conditions are favourable. 
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3.2.7. Statistical analysis 
Data were transformed using the arcsin transformation (sin-1-V%1100) to stabilise 
the variance. There was no replication for the ageing of seed lots. However, four 
replicates of fifty seeds were randomly taken from the aged seed sample and used for 
germination testing. Corr~lations were calculated using SigmaPlot 8 (SPSS Inc, 2001). 
3.3. Results 
3.3.1. Seed moisture content 
SMC before ageing ranged from 6.0 to 8.8% depending on species and seed lot 
(Table 3.1-3.6). After ageing, SMC increased as the ageing period increased (Tables 3.1-
3.6). Depending on seed lots, species and AA treatments, SMC ranged from 28.7 to 
37.3% (Figure 3.1, Tables 3.1-3.6). SMC ranged from 27.5 to 33.2% in turnip (Table 
3.1); 27.9 to 34.3% in turnip rape hybrid (Table 3.2); 26.6 to 34.7% in forage rape (Table 
3.3); 27.8 to 35.6% in Asian rape (Table 3.4); 32.0 to 37.3% in Asian kale (Table 3.5) 
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Figure 3.1. Species effect on mean SMC post-AA testing. Vertical bars represent the 
standard error of the means. 
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There was no significant cOlTelation between pre and post-AA SMC at 41°C and 
42°C when both forage and Asian vegetable species were collectively analysed. For 
forage species the cOlTelation at 41°C was r2=0.085 and at 42°C it was r2=0.306 (Figure 
3.2). For Asian vegetable species, cOlTelations at 41°C and 42°C, were r2=0.199 and 
r2=0.022, respectively (Figure 3.3). Significant cOlTelations between pre and post-AA 
SMC at 41°C and 42°C varied depending on individual species analysis (Figures 3.4-3.9). 
For tU111ip rape hybrid, there was no significant correlation at 41°C (r2=0.109) and 42°C 
(r2=0.013). There were significant cOlTelations at 41°C for tU111ip (r2=0.923), forage rape 
(r2=0.967), Asian kale (r2=0.655) and Asian rape (r2=0.851) but not choisum (r2=0.582). 
There were significant con"elations at 42°C for tU111ip (r2=0.982), forage rape (r2=0.725), 
choisum (r2=0.811), Asian kale (r2=0.969) and Asian rape (r2=0.945). 
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Figure 3.9. Relationship between pre and post-AA SMC (i - 41°C and ii - 42°C) in Asian 
rape. 
3.3.2. Post-AA germination and AA procedures 
Post-AA gennination responses of forage species to the different AA treatments 
varied with seed lot (Table 3.1, 3.2, 3.3); they were significantly lower than that of the 
non-aged seeds for all seed lots but one (seed lot 1228) following ageing at 41°C/48 h, 
and all seed lots at 41°C 172 h, and 42°C 148 h. After ageing at 42°C/24 h, post-AA 
germination did not differ from that of non-aged seeds for one seed lot of each of the 
three species (Appendix 1 i-j). Because of these differences, there was a significant 
interaction between seed lots and AA treatments (Appendix lc-e), but not between seed 
lots and time at each temperature, except for turnip rape hybrid 42°C124 h vs 42°C/48 h 
(Appendix lc). 
Post-AA gennination responses of Asian vegetable species to the different AA 
treatments varied with seed lot and species (Table 3.4, 3.5, 3.6); they were generally 
significantly lower than that of the non-aged seeds, except lots 1263 and 1264 at 41 °C/72 
hand 1271 at 42°C/24 h for Asian rape and lot 637 at 42/24 h for Choisum (Appendix 1, I 
and k). For Asian rape and choisum, gennination after ageing seeds at 41°C/48 hand 
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42°C/24 h was not significantly lower than that of non-aged seeds. Yet, differences were 
observed among seed lots when ageing seeds at 41 °C/72 hand 42°C/48 h. For Asian kale, 
ageing seeds at 41 °C/48 h, 41°C/72 h, 42°C124 hand 42°C/48 h significantly reduced 
post-AA gern1ination in some seed lots compared with non-aged seeds (Appendix 1k-m). 
Because of these differences, there was a significant interaction between seed lots and 
AA treatments (Appendix If-h); and in Asian rape and Asian kale between seed lots and 
time and temperature (Appendix 1 f-g). 
Table 3.1. Gern1ination, SMC and fungal score pre and post-AA in forage turnip. 
Post AA 
Time duration (hours) 
Seed lot 48 72 24 48 
PreAA Temperature (0C) 
41 41 42 42 
% SMC % SMC F % SMC F % SMC F % SMC 
464 96 7.2 74 31.8 M 54 33.2 M 94 29.7 L 72 33.2 
1225 98 8.1 86 29.8 M 80 30.1 M 95 27.5 L 82 30.0 
1210 95 8.8 18 28.7 M 9 31.3 H 51 28.9 L 22 30.1 
Mean 96 8.0 59 30.1 47 31.5 80 28.7 59 31.1 
% - gelmination percentage 
SMC - seed moisture content 
F - fungal score; H - high; M - medium; L - low 
Table 3.2. Gelmination, SMC and fungal score pre and post-AA in forage turnip rape 
hybrid. 
Post AA 
Time duration (hours) 
Seed lot 48 72 24 48 
PreAA Temperature (0C) 
41 41 42 42 
% SMC % SMC F % SMC F % SMC F % SMC 
1213 96 6.3 89 33.8 L 84 34.1 M 91 32.8 L 70 34.3 
1218 99 6.8 88 30.4 L 79 31.4 M 85 28.0 L 45 33.6 
1236 95 6.6 60 27.9 L 33 33.2 M 79 30.5 L 58 31.1 
Mean 96 6.6 79 30.7 65 32.9 85 30.4 58 33 
% - gelmination percentage 
SMC - seed moisture content 










Table 3.3. Gel111ination, SMC and fungal score pre and post-AA in forage rape. 
Post AA 
Time duration (hours) 
Seed lot 48 72 24 48 
PreAA Temperature (oq 
41 41 42 42 
% SMC % SMC F % SMC F % SMC F % SMC F 
1228 98 6.8 96 28.0 L 77 30.8 L 96 30.3 L 73 32.9 M 
1247 96 7.5 66 31.5 L 28 34.5 L 84 26.6 L 69 30.8 M 
1257 94 7.6 59 29.8 L 24 34.7 M 81 30.2 L 66 30.5 H 
Mean 96 7.3 74 29.8 43 33.3 87 29 69 31.4 
% - gennination percentage 
SMC - seed moisture content 
F - fungal score; H - high; M - medium; L - low 
Table 3.4. Gel111ination, SMC and fungal score pre and post-AA in Asian rape. 
Post AA 
Time duration (hours) 
Seed lot 48 72 24 48 
PreAA Temperature (oq 
41 41 42 42 
% SMC % SMC F % SMC F % SMC F % SMC F 
1263 99 8.2 93 29.6 L 72 31.8 M 95 34.3 L 93 35.6 L 
1264 99 6.9 91 33.1 L 90 32.4 M 96 32.7 L 81 33.4 H 
1265 97 7.1 94 32.9 L 86 33.6 M 97 31.9 L 84 34.9 M 
1270 99 6.8 99 31.3 L 97 33.4 M 99 29.9 L 99 32.2 L 
1271 95 7.0 97 27.8 L 83 32.7 M 98 30.8 L 96 33.7 H 
1273 99 7.6 98 32.6 L 89 33.8 M 97 33.2 L 90 33.4 L 
1274 97 7.4 99 31.6 L 85 33.9 M 94 32.3 L 82 34.2 M 
Mean 98 7.3 96 31.3 86 33.1 97 32.2 89 33.9 
% - gel111ination percentage 
SMC - seed moisture content 
F - fungal score; H - high; M - medium; L - low 
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Table 3.5. Gennination, SMC and fungal score pre and post-AA in Asian kale. 
Post AA 
Time duration (hours) 
Seed lot 48 72 24 48 
PreAA Temperature (0C) 
41 41 42 42 
% SMC % SMC F % SMC F % SMC F % SMC F 
1296 93 7.2 85 32.0 L 64 33.3 M 73 32.1 L 73 33.2 L 
1297 95 6.9 80 34.2 L 69 35.1 L 81 34.0 L 84 34.2 M 
1298 92 6.5 90 33.3 L 63 37.3 L 85 30.5 L 80 36.1 M 
1304 88 6.0 86 34.3 L 58 35.9 M 87 34.3 L 81 34.7 M 
1308 91 6.5 69 32.9 L 50 36.6 M 89 32.4 L 76 34.3 M 
1328 91 6.2 89 33.1 L 75 34.8 L 93 32.0 L 88 33.9 M 
Mean 92 6.6 83 33.3 63 35.1 85 32.6 80 34.4 
% - gelmination percentage 
SMC - seed moisture content 
F - fungal score; H - high; M - medium; L - low 
Table 3.6. Gelmination, SMC and fungal score pre and post-AA in Asian choisum. 
Post AA 
Time duration (hours) 
Seed lot 48 72 24 48 
PreAA Temperature (0C) 
41 41 42 42 
% SMC % SMC F % SMC F % SMC F % SMC F 
634 96 6.6 97 31.8 L 41 33.3 H 91 30.0 L 86 32.0 H 
637 98 7.3 96 34.0 L 95 34.1 L 95 32.2 L 96 33.3 H 
638 98 7.1 99 29.6 L 83 32.7 L 98 28.5 L 96 30.8 L 
641 96 7.1 89 31.0 L 33 34.0 H 92 31.7 L 85 32.7 H 
645 92 7.1 91 30.8 L 60 31.3 L 87 29.6 L 78 31.5 H 
Mean 96 7.0 94 31.4 62 33.1 92 30.4 88 32.1 
% - gennination percentage 
SMC - seed moisture content 
F - fungal score; H - high; M - medium; L - low 
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Table 3.7. Vigour grading among forage species seed lots in relation to AA treatments. 
Post AA 
Time (hours) 
48 72 24 48 
Temperature (0C) 
41 42 
Seed lot Vigour grade 
Turnip 464 B C A B 
1225 B B A B 
1210 C C C C 
Turnip rape hybrid 1213 A B A B 
1218 B B B C 
1236 C C B C 
Forage rape 1228 A B A B 
1247 C C B B 
1257 C C B B 
Table 3.8. Vigour grading among Asian rape seed lots in relation to AA treatments. 
PostAA 
Time 
48 72 24 48 
Temperature 
41 42 
Seed lot Vigour grade 
Asian rape 1263 A B A A 
1264 A A A B 
1265 A B A B 
1270 A A A A 
1271 A A A A 
1273 A A A A 
1274 A B A B 
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Table 3.9. Vigour grading among choisum seed lots in relation to AA treatments. 
Post AA 
Time 
48 72 24 48 
Temperature 
41 42 
Seed lot Vigour grade 
Choisum 634 A C A A 
637 A A A A 
638 A B A A 
641 A C A B 
645 A C A B 
Table 3.10. Vigour grading among Asian kale seed lots in relation to AA treatments. 
Post AA 
Time 
48 72 24 48 
Temperature 
41 42 
Seed lot Vigour grade 
Asian kale 1296 A B B B 
1297 B B B B 
1298 A B A B 
1304 A B A A 
1308 B C A B 
1328 A B A A 
3.3.3. Fungus 
The effect of fungi on germination results was not always clear. In all species, 
fungi seemed to adversely affect germination. Yet, some seed lots with a fungal score 
(FS) ranking "high" had a higher germination percentage than a seed lot with a ranking of 
"low". Seed lot 1257 is one such example (Table 3.3). Overall, seed lots with a FS of 
"high" generally had lower gem1ination results than those with a FS of "low". 
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3.4. Discussion 
3.4.1. Seed moisture content 
Increasing the ageing period resulted in increased SMC uptake. There was some 
variation in SMC among the different AA tests. The difference between the highest and 
lowest SMC percentage for foragebrassica spp. was 8.1% (Tables 3.1-3.3) and for Asian 
vegetable brassica spp, 9.5% (Tables 3.4-3.6). There was little variation in SMC within 
the various AA tests (Tables 3.1-3.6). What little variation existed was strongly 
influenced by seed lot. For example, at 42°C/48 h, seed lot 1263 had a higher final SMC 
of 35.6% compared with seed lot 1270 (32.2%), probably because the initial SMC was 
higher for 1263 (8.2%) as opposed to 6.8% for 1270. For both Asian and forage species 
(analysed collectively), there were no significant con·elations between pre and post-AA 
SMC (Figures 3.2, 3.3). However, for the individual species analysis, there were strong 
correlations between pre and post-AA SMC (Figures 3.5-3.9), except for turnip rape 
(Figure 3.4). The TSW of turnip rape hybrid was between that of turnip and rape 
(Appendix 5a) and may have influenced final moisture uptake. Therefore, initial SMC is 
a factor which influences moisture absorption among seed lots within a species. These 
results agree with Komba's (2003) findings in kale, in which he observed significant 
con-elations between pre and post-AA SMC. Hampton et al. (1992) noted that initial 
SMC affected mungbean seed moisture uptake but not that for French bean. French bean 
moisture uptake varied more widely, particularly at higher initial moisture contents 
(Hampton et al., 1992). Tomes et al. (1988) observed that initial soybean SMC, ranging 
from 8-13.5% had little effect on final SMC. Seed size may be one factor which 
influenced seed moisture absorption, i.e. Phaseolus cf. Glycine cf. Brassica spp. Bigger 
seeds (eg. soybean) have a smaller surface area per unit weight compared with Brassica 
seeds which have a greater surface area per unit weight. This may have resulted in slower 
rates of imbibition. Seed composition could also influence seed moisture uptake. Brassica 
seeds are typically oily seeds and are less able to imbibe water than seeds with relatively 
low oil content (Hill, 1999). Hill (1999) stated that even within a species, seed size, the 
thickness of a seed coat, and the nutrition of the parent plant can all affect seed 
composition. Therefore, seed lots of a species can vary in SMC by as much as 1 % in the 
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same environment (Hill, 1999). One of the criticisms of the AA method has been that if 
seed lots differ in SMC prior to ageing, they will imbibe moisture at different rates from 
the humid atmosphere and thus experience different times of deterioration (Matthews, 
1981). Generally, final SMC did not affect final vigour results. Fmiher investigations into 
whether or not a "window" of initial SMC (6-8%) is acceptable for AA testing (ISTA, 
2005) in Brassica spp. are required. 
Increasing the temperature from 41 to 42°C did not result in significant increases 
in mean SMC (Tables 3.1-3.6). With the exception of Asian rape, the highest mean SMC 
recorded for each of the species was obtained at 41°C172 h. This suggests that the seeds 
have reached equilibrium moisture content with the smTounding air within the ageing 
chamber at 72 hours. Longer ageing durations may be required to reach equilibrium 
moisture content in Asian rape. These latter results are similar to Komba's (2003) work in 
kale, in that he observed no significant differences in mean SMC between ageing 
temperatures of 40, 41 and 42°C. 
There was little variation in mean SMC for Asian and forage species (Figure 3.1). 
The mean SMC for turnip, turnip rape hybrid and forage rape at 41 °C172 h was 31.5, 32.9 
and 33.3% respectively. The mean SMC for Asian rape, Asian kale and choisum at 
41°C/72 h was 33.1, 35.1 and 33.1 % respectively. These results agree with Komba (2003) 
who reported mean SMC at 41°C172 h was 32.5% in kale. However, these results are 
slightly lower than the final mean SMC (39-44%) suggested by Hampton and TeKrony 
(1995) for Brassica napus at 41°C/72 h. Seed quality attributes, variety difference, 
genetic constitution and perhaps different oil concentrations may be responsible for this 
variation in SMC uptake. Such variation among Brassica spp. requires fmiher research 
into the relationship between SMC uptake and different ageing time and temperature 
combinations. 
3.4.2. Germination post-AA 
Time and temperature influenced post-AA gelmination treatments (Tables 3.1-
3.6). Increasing the ageing period from 48 to 72 hours at 41°C, and 24 to 48 hours at 42°C 
resulted in decreased mean germination percentage for all species. The extent of this 
reduction in gelmination percentage varied depending on species. For example in turnip, 
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mean gennination was decreased from 59 to 47% and 80 to 59% at 41°C and 42°C 
respectively (Table 3.1). In tumip rape hybrid, mean gelTI1ination was decreased from 79 
to 65% and 85 to 58% at 41°C and 42°C respectively (Table 3.2). In forage rape, mean 
gelTI1ination was decreased from 74 to 43% and 87 to 69% at 41°C and 42°C respectively 
(Table 3.3). In Asian rape, mean gennination was decreased from 96 to 86% and 97 to 
89% at 41°C and 42°C respectively (Table 3.4). In Asian kale, mean gennination was 
decreased from 83 to 63% and 85 to 80% at 41°C and 42°C respectively (Table 3.5). In 
choisum, mean gelTI1ination was decreased from 94 to 62% and 92% to 88% at 41°C and 
42°C respectively (Table 3.6). In Asian rape, periods of more than 48 hours are required 
in order to produce ageing in all seed lots assessed. In all Asian vegetable brassica spp, 
the effect of the ageing treatment was far less severe than it was on forage brassica spp. 
The reason for this difference is not known, although the possibility exists that the Asian 
vegetable seed lots were of higher vigour than those of the forage seed lots. 
Increasing the temperature generally decreased post-AA mean gelmination. For 
example, an increase of 1°C from 41 to 42°C reduced mean gelmination at 48 hours for 
most species. In turnip rape hybrid, an increase in temperature at 48 hours reduced mean 
gern1ination from 79 to 58%; in forage rape, 74 to 69%; in Asian rape, 96 to 89%; in 
Asian kale, 83 to 80%, in choisum, 94 to 88%. In tumip rape hybrid and forage rape, the 
effect of temperature was more pronounced (Tables 3.2, 3.3). However, at 24 hours, the 
effect of temperature on mean gennination was not so distinct. This suggested that 24 
hours was too Sh011 an ageing treatment. Tomes et al. (1988) and Ibrahim et al. (1993) 
observed that seed germination declined at higher temperatures in soybean and sorghum 
(Sorghum bieolor L. Moench) respectively. Similar findings have been rep011ed by 
Sundstrom et al. (1986) in pepper seed. As temperature was increased above 42°C, there 
was a significant decrease in gern1ination percentage. In this study, 41°C was the 
optimum temperature for allowing vigour ranking. 
Based on the vigour gradings, the appropriate AA test for each species varied. For 
both forage rape and Asian kale, 41°C/72 h was deemed too severe a treatment. Using 
41°C/48 h was probably a more appropriate AA test for forage rape, turnip rape hybrid 
and Asian kale, as it provided a better separation of vigour ranking among seed lots. 
Similarly, Komba (2003) observed that this was a better AA method for forage kale. 
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However, Da Costa Mello et al. (1999) suggested that 42°C/48 h was the best method for 
ageing broccoli seed. As an ageing period, 48 h contrasts with the recommended duration 
of 72 h for Brassica napus (Hampton and TeKrony, 1995). In choisum, Asian rape and 
tumip, 41°C/72 h provided good separation amongst seed lots. However, any vigour test 
result should ideally be related to field perfom1ance, and this is discussed in Chapter 7. 
3.4.3. Fungi and germination 
There has been no literature directly linking the presence of fungi in the AA test 
to Brassica seed gennination. The extra hours of ageing, which in tum increased the 
presence of fungi, adversely affected gem1ination in some seed lots. For example, in 
tumip, seed lots exhibiting high levels of fungus had much reduced gennination. Seed lot 
1210 had a mean gennination of 51 % with a fungal score oflow (41 °C/24 h), as opposed 
to 22% (FS-high; 42°C/48 h). Similarly, seed lot 464 had a mean gennination of 94% 
(FS-O; 42°C/24 h) compared with 72% (FS-high; 42°C/48 h). By and large, increasing 
time and temperature variables in the AA test led to an increase in fungal presence. 
However, in some Asian rape and choisum seed lots, the link between mean gennination 
and FS was not always clear. Seed lot 1271 had a high gennination, 98% at 42°C124 h 
and 96% at 42°C/48 h, with a FS oflow and high, respectively (Table 3.4). In this case, it 
can be argued that fungi did not significantly affect gennination. Increasing the time and 
temperature created an ideal environment for saprophytic fungi. Such fungi are present on 
the outer surface of the seed coat. High temperatures combined with high humidity allow 
the fungi to rapidly grow and multiply. A method of reducing fungal growth and 
multiplication during the AA test needs to be developed. 
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3.5. Conclusion 
The conclusions that can be made from this study are: 
• 41°C172 h appears to be the appropriate AA test conditions for Asian rape, 
choisum and tumip seed. However, these results need to be confirmed by field 
results (see Chapter 7). 
• 41°C/48 h appears to be the appropriate AA test conditions for Asian kale, tumip 
rape hybrid and forage rape seed, as 41°C/72 h is too severe. However, these 
results need to be confirmed by field results (see Chapter 7). 
• 42°C may not be commercially practical to use in the AA test as increasing the 
temperature will interfere with the current AA test in other species, for which 
41 DC is used. 
• There was little variation in SMC among AA treatments for both forage and Asian 
vegetable brassica spp. 
• Increasing the temperature did not necessarily result in increased seed moisture 
uptake. 
• The mean SMC following AA testing for each species was slightly lower than the 
39-44% reported by Hampton and TeKrony (1995) for Brassica napus. 
• Fungi seemed to adversely affect germination after ageing. 
• A method of reducing fungal growth and multiplication during the AA test needs 
to be developed. 




METHODS FOR REDUCING FUNGAL CONTAMINATION DURING THE AA 
TEST FOR BRAS SICA SPECIES. 
4.1. Introduction 
Seed vigour testing is an impOliant component of seed industry seed quality 
control (Jianhua and McDonald, 1997). A seed vigour test is either a direct or indirect 
analytical procedure to evaluate the vigour of a seed lot under standardised conditions 
(1ST A, 2005). Direct tests, such as the AA test, are those for which an environmental 
stress or other conditions are reproduced in the laboratory and the percentage and/or rate 
of seedling emergence are recorded. Indirect tests measure characteristics of the seed that 
have proved to be associated with some aspect of seedling perfonnance. 
The high temperature and humidity used in the AA testing procedure allows the 
growth and multiplication of saprophytic fungi (Jianhua and McDonald, 1997; Bennett et 
al., 1998a). It is unclear whether or not the presence of these fungi influences the final 
outcome of the AA test. There has been concern that fungal damage may kill seeds 
outright, or cause lesions/rotting of seedlings such that they would have to be categorised 
as abnollnal (ISTA, 2005). The growth of fungi could be prevented/reduced by lowering 
the relative humidity (RR). 
One method which has been used to lower the RR in the AA test is the 
substitution of deionised water (DW) by saturated salts. The use of saturated salts (NaCl, 
KCl and NaBr) as a substitute for DW in the AA test has been used for impatiens 
(Jianhua and McDonald, 1997), ca11'0t (Rodo et al., 2000), tomato (Panobianco and 
Marcos-Filho, 2001), onion (Rodo and Marcos-Filho, 2003) and lettuce (Ramos et al., 
2004) seeds. The use of saturated salts in the AA test for Brassica spp. has not been 
evaluated. 
52 
4.2. Materials and methods 
4.2.1. Visual assessment of fungi 
Following the AA test, seeds were visually assessed for fungal growth, both in the 
AA boxes and on the gem1ination paper as described in Chapter 3. 
4.2.2. Preparation of saturated salt solutions 
The basis of any saturated salt solution is that the solution contains as much solute 
as the solvent can hold at any given temperature (Padfield, 2004). Three salts (NaCl, 
NaBr and KCl) were saturated in 250 ml ofDW at 41°C. A container containing 250 ml 
of DW was placed on a hot plate. The liquid was slowly heated to 41°C. During heating, 
salt was slowly added to the DW. The solution was stirred until no fUliher dissolving 
occUlTed. For KCl, 123.6 grams of salt was saturated in 250 ml ofDW. For NaBr, 104.4 
grams of salt was saturated in 250 ml of DW. For NaCl, 98.5 grams of salt was saturated 
in 250 ml ofDW (Padfield, 2004). 
4.2.3. Measurement of RH 
The RH of each saturated salt solution was measured using a series 6 Hobo data 
loggers (6 cm in lengthll.5 cm in height). The data logger was placed on the stage inside 
the AA box above the salt solution. Following the AA test, the data logger infOlmation 
was downloaded using HOBOware Pro software. 
4.2.4. Experimental design and statistical analysis 
Data were angularly transfom1ed using the arcsin tranSf0l111ation (sin-1-V%1l00) to 
stabilise the variance. There was no replication once treatments were placed in the oven. 
However, four replicates of fifty seeds were taken from the aged sample and used for 
gerrnination testing. 
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4.2.5. Experiment 1 
All twenty-seven seed lots as described in Chapter 3 were used. One AA 
temperature and time (41 °C/72 h) combination was used as is this is the cUlTently 
recommended AA technique used for brassicas. FOliy ml of saturated salts 
(KC1=83%RH, NaCl=76%RH and NaBr=55%RH) and DW (96%RH) were used as 
ageing solutions and placed in separate inner ageing chambers. At the completion of the 
AA test, aged seeds were tested for gem1ination and moisture content as described in 
Chapter 3. 
4.2.6. Experiment 2 
One tumip rape hybrid seed lot was used in this experiment. Three temperatures 
(41, 42 and 45°C) and two times (72 and 96 h) were used for the AA treatments. FOliy ml 
of saturated salts (KC1=83% RH, NaCl=76%RH and NaBr=55%RH) and DW (96%RH) 
were used as ageing solutions. They were placed in separate AA boxes. At the 
completion of the AA test, aged seeds were tested for gelmination and moisture content 
as described in Chapter 3. 
4.2.7. Experiment 3 
Three tumip rape hybrid seed lots and three Asian kale seed lots were used in this 
experiment. One temperature and time (41 °C/72 h) combination using DW (96%RH) as 
the ageing solution was used. Before placing seeds in the inner chamber, seeds were 
soaked in a 1 % sodium hypochlorite solution for 3 minutes to surface sterilise the seed, 
then washed for 2 minutes with DW and blotted dry using tissue paper. The seeds were 
then aged. At the completion of the AA test, aged seeds were tested for germination and 




4.3.1. Seed moisture content 
SMC ranged from 7.3 to 10.3% for forage spp and 8.8 to 10.3% for Asian 
vegetable spp. when seeds were aged at 55%RH, from 7.5 to 10.6% for forage spp. and 
8.5 to 10.5% for Asian vegetable spp. when seeds were aged at 76%RH, from 10.4 to 
12.7% for forage spp. and 9.8 to 13.6% for Asian vegetable spp. when seeds were aged at 
83%RH and from 30.2 to 34.4% for forage spp. and 30.2 to 37.4% for Asian vegetable 
spp. when seeds were aged at 96%RH (Figure 4.1; Appendix 2a-f). 
When seeds were aged at 96%RH, there was a marked increase in SMC compared 
with seeds aged at 55%RH, 76%RH and 83%RH (Figure 4.1). Ageing seeds at 83%RH 
resulted in a significant increase in SMC compared with 55%RH and 76%RH (Figure 
4.1). There was little difference in SMC when ageing seeds at 55%RH and 76%RH 
(Figure 4.1). 
There was an individual species response to the relationship between pre and 
post-AA SMC (Figures 4.2-4.25). For turnip, turnip rape hybrid and forage rape there 
was a linear relationship between pre and post-AA SMC when seeds were aged at 
96%RH, 76%RH and 55%RH; but not 83%RH. For Asian rape, choisum and Asian kale 
there was no relationship between pre and post-AA SMC when seeds were aged at 

























Figure 4.1. Effect of RH% (55%RH=NaBr, 76%RH=NaCI, 83%RH=KCI and 
96%RH=DW) and Brassica spp. on mean seed moisture content (SMC) after AA testing. 
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Figure 4.2. Relationship between pre and post-AA seed moisture content (SMC) III 
turnip when ageing RH was 96% (DW). 
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Figure 4.3. Relationship between pre and post-AA seed moisture content (SMC) In 
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[figure 4.6. Relationship between pre and post-AA seed moisture content (SMC) in 
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Figure 4.8. Relationship between pre and post-AA seed moisture content (SMC) in 
tumip rape hybrid when ageing RH was 76% (NaCl). 
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Figure 4.9. Relationship between pre and post-AA seed moisture content (SMC) in 
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Figure 4.10. Relationship between pre and post-AA seed moisture content (SMC) in 
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Figure 4.11. Relationship between pre and post-AA seed moisture content (SMC) in 
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Figure 4.12. Relationship between pre and post-AA seed moisture content (SMC) in 
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Figure 4.13. Relationship between pre and post-AA seed moisture content (SMC) in 
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Figure 4.14. Relationship between pre and post-AA seed moisture content (SMC) in 
Asian rape when ageing RH was 96% (DW). 
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Figure 4.15. Relationship between pre and post-AA seed moisture content (SMC) in 
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Figure 4.16. Relationship between pre and post-AA seed moisture content (SMC) in 
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Figure 4.17. Relationship between pre and post-AA seed moisture content (SMC) in 
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Figure 4.18. Relationship between pre and post-AA seed moisture content (SMC) in 
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Figure 4.19. Relationship between pre and post-AA seed moisture content (SMC) in 




~ 9.8 ~ 
--~ 9.6 






y = 0.7794x + 4.0529 
R2 = 0.214 
6.6 6.8 7 





Figure 4.20. Relationship between pre and post-AA seed moisture content (SMC) in 
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Figure 4.21. Relationship between pre and post-AA seed moisture content (SMC) in 
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Figure 4.22. Relationship between pre and post-AA seed moisture content (SMC) in 
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Figure 4.23. Relationship between pre and post-AA seed moisture content (SMC) in 
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Figure 4.24. Relationship between pre and post-AA seed moisture content (SMC) 111 
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Figure 4.25. Relationship between pre and post-AA seed moisture content (SMC) in 
Asian kale when ageing RH was 55% (NaBr). 
4.3.2. Post-AA Germination 
There was a significant interaction (P<O.OOl) among seed lots in each species and 
saturated salt ageing solutions for gennination after ageing (Appendix 2g-l). In all 
species, lowering the RH% resulted in a higher gennination percentage compared with 
DW (96%RH). However, the increase in gennination percentage was greater in forage 
brassica spp. than Asian vegetable brassica spp. For example, in turnip, mean 
gern1ination was 43% at 96%RH compared with 60% at 83%RH; 71% at 76%RH and 
68% at 55%RH. However, in Asian rape, mean gennination was 70% at 96%RH 
compared with 80% at 83%RH, 82% at 76%RH and 78% at 55%RH. Reducing RH% 
resulted in very little gelmination separation in Asian kale (Figure 4.27), turnip (Figure 
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4.28 (i)) and forage rape (Figure 4.28 (ii)) and no separation in Asian rape (Figure 4.26), 
turnip rape hybrid (Figure 4.29 (i)), choisum (Figure 4.29 (ii)). For example in turnip rape 
hybrid, reducing the RH% (83%RH, 76%RH and 55%RH) did not reduce germination, 
which ranged from 86 to 97% (Figure 4.37 (i); Appendix 2b). 
4.3.3. Fungus 
No fungi were evident on the seed after ageing the seeds at the reduced RH% (i.e. 
83%RH, 76%RH and 55%RH). However, at 96%RH there was still fungal contamination 












Figure 4.26. Effect of RH% during ageing (NaBr=55%RH; NaCl=76%RH; 
KCl=83%RH and DW=96%RH) on germination percentage in Asian rape seed lots. 
Vertical bars represent the standard error of the means. 
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Figure 4.28. Effect of RH% during ageing (NaBr=55%RH; NaC1=76%RH; 
KC1=83%RH and DW=96%RH) on germination percentage in turnip (i) and forage rape 
(ii) seed lots. Vertical bars represent the standard error of the means. 
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Figure 4.29. Effect of RH% during ageing (NaBr=55%RH; NaC1=76%RH; 
KC1=83%RH and DW=96%RH) on germination percentage in turnip rape hybrid (i) 




4.3.4. Seed moisture content 
Altering the RH to 55%RH, 76%RH and 83%RH resulted in lowered water 
uptake compared with 96%RH (Table 4.1). For example, after ageing at 96%RH 
(41°C/72 h), SMC was 28% compared with 7.2% at 55%RH; 11% at 83%RH and 7.5% at 
76%RH. As the temperature increased, SMC also increased in seeds aged at 76%RH, but 
for 55%RH and 83%RH there was no increase in SMC (Table 4.1). 
Table 4.1. The effect of RH% during ageing (76%RH=NaCl, KCL=83%RH and 
NaBI-55%RH) solutions and DW (96%RH) on SMC in seed lot 1236. 
Pre-AASMC DW KCl NaCl NaBr 
(J6%RHl C83%RH) (76%RH2 (55%RH) 
Post-AA SMC(41°C/72 h) 
6.7 28.0 11.0 7.5 7.2 
Post-AA SMC (41°C/96 h) 
6.7 29.7 11.1 7.9 7.4 
Post-AA SMC (42°C/72 h) 
6.7 27.8 10.9 7.8 7.1 
Post-AA SMC (4rC/96 h) 
6.7 29.9 11.2 8.1 7.3 
Post-AA SMC (4soC/72 h) 
6.7 30.1 11.2 8.3 7.5 
Post-AA SMC (4soC/96 h) 
6.7 31.1 11.4 8.4 7.6 
4.3.5. Post-AA Germination 
For all RH treatments, increasing the agemg temperature decreased post-AA 
gennination (Figures 4.30, 4.31), although the extent of the gennination reduction 
depended on RH% and time, and there was a significant interaction between temperature 
and time (Appendix 2m). At 96%RH/45°C seed was killed, but at 55%RH/45°C, 
gennination was still over 80% (Figures 4.30,4.31). 
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Figure 4.31. Percentage gennination for seed lot 1236 at 76%RH (i) and 55%RH 
(ii) . 
4.3.6. Fungus 
Using saturated salts instead ofDW as an ageing medium resulted in no fungal 
growth in any AA tests. 
Experiment 3 
4.3.7. Experimental design and statistical analysis 
Following transfom1ation as described in 4.1.2, fUliher unequal variation 
occUlTed between replicates of the same seed lot and treatments. Therefore it was 
inappropriate to analyse the data. Instead a table of means (transfOlmed data) and 
confidence intervals are presented using the individual seed lot analysis (Table 4.2). 
4.3.8. Seed moisture content 
There was no relationship (r2 = 0.277) between pre and post-AA SMC in the 
control (without seed surface sterilisation) or sterilisation (r2 = 0.302) expeIiment for 
both forage and Asian seed lots (Figures 4.32,4.33). SMC ranged from 29.9 to 36.6% 
for all seed lots in the control (without seed surface sterilisation) experiment and from 
30.1 to 37.1 % in the sterilisation experiment (Appendix 2n). 
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Figure 4.32. Relationship between pre and post-AA seed moisture content (SMC) in 
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Figure 4.33. Relationship between pre and post-AA seed moisture content (SMC) in 
tumip rape hybrid and Asian kale when seeds were surface sterilised. 
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4.3.9. Post-AA Germination 
A significant difference (P<O.OOl) was recorded between using non surface 
sterilised seeds and sterilised seeds in the AA test to evaluate seed vigour (Appendix 
20, p). There was a significant interaction among seed lots and test method (Appendix 
20, p). Sterilising the seed prior to the AA test reduced abnOlma1 seedling production 
in both the tumip rape hybrid and Asian kale seed lots (Table 4.3). 
4.3.10. Fungus 
The use of 1 % sodium hypochlorite resulted in a significant reduction in 
fungus (Table 4.3). In both forage and Asian vegetable seed lots, FS ranged from low 
to high at 41°C172 h. However, after seeds were sterilised and aged at the same 
time/temperature, a FS oflow was achieved for all seed lots (Table 4.3). 
Table 4.2. Mean gennination % (transfonned data), CI, pre and post-AA tests for 
forage and Asian vegetable brassica spp. 
Pre-AA Post-AA 
Turnip rape hybrid Turnip rape hybrid 
Seed lot St.germ C.l. AAl C.l. AA2 c.l. 
1213 77 (7l.8, 8l.7) 48 (44.8,52.2) 57 (47.2,67) 
1218 80 (75.4,83.6) 51 (44,57.6) 53 (51.2,55.1) 
1236 79 (74,83.7) 33 (31.6,33.6) 56 (49.6,63) 
Asian kale Asian kale 
1298 80 (77.4, 82.9) 42 (34.5, 50.3) 66 (63.5, 67.9) 
1304 79 (75.2, 82.1) 48 (43.2, 53.2) 60 (57.9,6l.4) 
1308 80 (75.4, 83.6) 46 (40.1, 51) 54 (52.8,84.7) 
AA - gelmination percentage (41 °C172 h - without seed surface sterilisation) 
AA2 - gennination percentage (41 °C/72 h - seed surface sterilised) 
C.L - Confidence intervals (transfonned data). 
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Table 4.3. Pre and post-AA gennination data with percentage gemlination (% geml) 
abn0l111al seedlings (% abn.) for forage and Asian vegetable brassica spp. 
Pre-AA Post-AA 
Turnip rape hybrid 
AAl AA2 
Seedlot SG % abn. % germ % abn. F % germ % abn. 
1213 95 5 56 36 M 70 18 
1218 96 4 60 32 M 64 23 
1236 94 6 21 49 H 69 23 
Asian kale 
1298 97 2.5 45 24 L 83 9 
1304 96 3 55 27 M 75 13 
1308 96 2.5 51 36 M 65 19 
SG - standard gennination 
F - Fungal Score (High-H, Medium-M and Low-L) 
AA 1 - gennination (41 °C172 h - without sterilisation) 
AA 2 - gennination (41 °C172 h - sterilised) 
4.4. Discussion 









There were significant relationships between pre and post-AA SMC for 
individual forage species at 55%RH, 76%RH and 96%RH but not 83%RH. There was 
no significant relationships between pre and post-AA SMC of Asian vegetable 
bras sica spp. at 55%RH, 76%RH, 83%RH and 96%RH (Figures 4.2-4.25). Therefore, 
initial SMC influenced final SMC on completion of the AA test depending on species. 
For tumip and tumip rape hybrid there was a strong negative relationship between pre 
and post-AA SMC at 96%RH (Figures 4.2, 4.6). Yet for forage rape there was a 
strong positive relationship between pre and post-AA SMC at 96%RH (Figure 4.10). 
A possible explanation for this is that as pre-AA SMC increases (for tumip and tumip 
rape hybrid seed lots) there is a diminished uptake of water during AA testing. This is 
because the seed lots are achieving the same amount of water uptake in proportion to 
their pre-AA SMC. For forage rape, as pre-AA SMC increases, there is a greater 
uptake of water during the AA test. Hence, a strong species influence is present. 
In most species lowering the RH% resulted in little ageing occurring during 
the AA test because seed moisture has not increased sufficiently to stress the seed. 
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Hence, seed lots with a higher pre-AA SMC will result in slightly higher post-AA 
SMC. 
Between 55%RH, 76%RH and 83%RH, there was very little difference in 
mean water uptake. The increase in SMC uptake from 0.2 to 4.1 % for the forage 
brassica spp. and 2.4 to 4.6% for the Asian vegetable brassica spp. At 83%RH, mean 
water uptake was slightly higher than 76%RH and 55%RH in both forage and Asian 
vegetable brassica spp. At 96%RH mean water uptake was much greater than 
55%RH, 76%RH and 83%RH for both forage and Asian vegetable brassica spp. By 
lowering the humidity with saturated salts (83%RH=KCI, 76%RH=NaCl and 
55%RH=NaBR), water uptake was lower than 96%RH. These results agree with 
Jianhua and McDonald (1997), Rodo et al. (2000) in carrot, Panobianco and Marcos-
Filho (2001) in tomato seeds, Rodo and Marcos-Filho (2003) in onion and Ramos et 
al. (2004) in salad rocket seeds. Lowered RH%, coupled with an oily composition (as 
found in Brassica spp) would greatly inhibit water uptake. Seeds with an oily 
composition are less likely to absorb water than seeds with a relatively low oil/fat 
content (Hill, 1999) at the same RH. 
Experiment 2 
At 96%RH, water uptake was higher than 83%RH, 76%RH and 55%RH at all 
time and temperature variations. Increasing the temperature did little to increase SMC 
at 55%RH, 76%RH and 83%RH. For example, the greatest increase in SMC at 
55%RH and 83%RH was 0.4% when temperature and ageing increased from 41°C/72 
h to 45°C/96 h (Table 4.1). At 76%RH, there was a 0.9% increase in SMC when 
temperature and ageing duration was increased from 41°C/72 h to 45°C/96 h. At 
96%RH, SMC ranged from 27.8 to 31.1 % across all AA tests. At 96%RH, increasing 
temperature and ageing duration was coupled by a linear increase in SMC. These 
results agree with Jianhua and McDonald (1997) who observed that impatiens seeds 
exposed to salt solutions reached higher equilibrium moisture contents in KCl 
(83%RH) than NaCI (76%RH) and NaBr (55%RH). Hibbard and Miller (1928), as 
cited by Jianhua and McDonald (1997) stated that little water uptake occurs in most 
seeds up to 85% RH. 
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Experiment 3 
Sterilising seeds (prior to the AA test) in 1 % sodium hypochlorite solution 
resulted in a similar SMC (ranging from 30.1 to 37.1 % for both forage and Asian 
vegetable seed lots) compared to the control (29.9-36.6%SMC). Since SMC was not 
replicated, no variation can be calculated and, hence no conclusions can be drawn. 
4.4.2. Germination 
Experiment 1 
Substituting saturated salts for DW did not stress seed lots in the AA test, due 
to the lowered RH%, the exception being seed lots 1210 and 1296. For forage and 
Asian species, seed lot gennination percentage mostly remained above 90% when 
aged at lowered RH%. However, seed lots 1210 and 1296 had gennination results 
ranging from 29 to 51 % and 71 to 77% respectively, depending on the RH%. Hence, 
no true separation in vigour ranking occUlTed. In comparison, ageing seed at 96%RH 
resulted in decreased germination, demonstrating vigour differences among all seed 
lots. Ageing seed at 96%RH resulted in gennination percentage ranging from 8 to 
53% for tumip; 32 to 83% for tumip rape hybrid; 27 to 76% for forage rape; 32 to 
96% for choisum; 73 to 97% for Asian rape and 56 to 77% for Asian kale. 
These results contrast with those reported by Jianhua and McDonald (1997) in 
impatiens, Rodo et al. (2000) in carrot, Panobianco and Marcos-Filho (2001) in 
tomato, Rodo and Marcos-Filho (2003) in onion and Ramos et al. (2004) in salad 
rocket seeds. These authors all reported that the use of saturated salts in the AA test 
allowed ranking of vigour levels among seed lots at 41°C (48172 h). These contrasting 
results may be explained by differences in seed composition and seed size between 
Brassica spp. and other vegetable species. Typically oily seeds such as Brassica spp. 
are less able to imbibe water. Smaller seeds have a greater surface area per unit 
weight than larger seeds, and this may differentially affect the rate of imbibition. 
When the RH% was further reduced using saturated salts, very little, if any ageing and 
therefore vigour separation occUlTed. 
Experiment 2 
Increasing the ageing duration from 72 to 96 h resulted in decreased post-AA 
gem1ination (Figures 4.30, 4.31). The extent of the gennination reduction depended 
on RH% and time. Jianhua and McDonald (1997) stated that reducing the relative 
humidity of the sUlTounding air delayed seed deterioration in impatiens for as long as 
96 h, pelmitting greater unifOlmity of seed ageing and flexibility in laboratory 
scheduling. However, this may not be applicable in commercial seed testing, as delays 
in SMC uptake result in delayed post-AA germination percentage evaluation. Thus, 
AA testing does not remain a rapid, inexpensive vigour test. 
Experiment 3 
Sterilising the seeds prior to the AA test resulted in a significantly lower 
incidence of contaminant fungi which was associated with a lower percentage of 
abnormal seedlings. For example, in tumip rape hybrid, the percentage of abnormal 
seedlings ranged from 32 to 49% in the control (without seed surface sterilisation) AA 
test, as opposed to 18 to 23% in the sterilised AA test (Table 4.3). Abnormal seedlings 
displayed decayed and damaged cotyledons which were often discoloured 
(yellow/brown). The presence of lesions on the cotyledons was also observed. 
Abnormal seedlings also displayed stunted primary roots and elongated secondary 
roots. Primary roots were also split and often decayed. Primary shoots were observed 
to be elongated with either a very stunted primary root or a split and shattered primary 
root. PIimary shoots were also observed to be curled and stunted. Contaminant fungi 
may have been responsible for causing the lesions and discoloured cotyledons found 
on abnormal seedlings. It appeared that contaminant fungi had damaged the radicle 
during the AA test resulting in disfigured root systems and primary shoots. 
Fungi are able to produce deleterious enzymes, phytotoxins and abnormal 
metabolites (Oku, 1994) which can disrupt/damage plant tissues. Phytotoxins 
constitute a wide diversity of different compounds, ranging from simple substituted 
organic acids to complex multi cyclic systems (Cole and Cox, 1981). These toxins can 
inhibit nucleic acid and protein synthesis, cell extension and cause membrane damage 
(Moule, 1984; Halloin, 1986; Benamar et al., 2003). Consequently, membrane 
damage inhibits mitochondrial activity. Benamar et al. (2003) stated that it is likely 
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that mitochondria are major providers of cellular ATP during germination of seeds. 
Therefore, any damage to the seed's membranes would disrupt mitochondrial activity 
and perhaps result in a reduced ability to produce a nomlal seedling. Phytotoxins 
could invade the seed's embryo (via cracks in the seed coat), hence causing damage to 
the radicle (Hill, 1999). Damage to the radicle, would also result in abnonnal or dead 
seeds. However, whether this is what occurs during AA testing will need to be 
confinned. 
As a result of a lower incidence of abnOlmal seedlings, there was a higher 
gemlination percentage for both forage and Asian brassica spp. in the seed 
sterilisation experiment compared with the control (without seed surface steIilisation). 
These results differ with those of Wang et al. (1994), who observed that seed surface 
sterilisation of red clover in a 1 % solution of sodium hypochlorite increased the 
percentage of abnOlmal seedlings, possibly due to imbibition damage. However, 
Wang et al. (1994) observed that surface sterilisaton of red clover seed reduced the 
OCCUlTence of contaminant fungi (mainly Aspergillus spp. and Rhizopus spp.) from 
over 45% to 0%. This allowed greater ease of germination assessment. 
Surface sterilisation of seeds to remove potential contaminants is a common 
practice in seed health testing (Wang et al., 1994). However, there is no published 
data on surface sterilisation in Brassica spp. Further investigations into the prevention 
of fungal OCCUlTence (in the AA test) via seed surface sterilisation techniques in 
Brassica spp. are required. 
4.4.3. Fungus 
For both experiment 1 and 2, there was no fungal growth within the AA 
chamber. An advantage of using saturated salt solutions is that the RH values are at 
levels low enough to discourage growth of pathogens minimizing the effect of 
microorganisms on AA test results (Jianhua and McDonald, 1997). However, 111 
Brassica no ageing occurs at these low RH%, then this method should not be applied 
to AA testing in Brassica spp. In experiment 3, surface sterilising the seed resulted in 
a much reduced fungal growth. Yet, fungal growth was not completely prevented. 
Perhaps, increasing the concentration of the sterilisation solution may have allowed 
fmiher success in preventing fungal growth and replication. 
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4.5. Conclusions 
From this study, one can draw the following conclusions: 
• Saturated salts prevent the growth and multiplication of fungi in the AA test 
due to lowered relative humidity. 
• Saturated salts significantly lowered moisture uptake in Brassica spp. in the 
AA test due to lowered relative humidity. 
• Decreasing the RH% in the AA test provided insufficient stress, and therefore 
post-AA genninations did not differ markedly from the control. 
• Saturated salts cannot be commercially used in the CUlTent AA test for 
Brassica spp. as no ageing/vigour separation occurs. 
• While increasing the ageing duration resulted in significant differences in 
gennination for saturated salts at 41,42 and 4SoC, this still did not provide the 
stress required to separate seed lots for vigour. 
• Altering ageing times and temperatures to accommodate moisture uptake 
using saturated salts is probably not commercially viable 
• Surface sterilising seed greatly prevents viable seed from being killed by 
fungal growth and hence improves gennination. 
• Surface sterilisation could be incorporated into AA testing in Brassica spp. 
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CHAPTERS 
CONDUCTIVITY TESTING IN BRAS SICA SEEDS 
5.1. Introduction 
Most seeds leak ions, amino acids and sugars to some extent during imbibition 
when placed in excess water (Halmer, 2000). The electrical conductivity test provides 
a measurement of this leakage from seeds and is a rapid, precise, inexpensive and 
simple procedure (Copeland and McDonald, 2001). Conductivity tests are based on 
the premise that as seed deterioration progresses, the cell membranes become less 
rigid and more water penneable, allowing the cell contents to escape into solution 
with the water, and thereby increasing electrical conductivity (Coolbear, 1995; 
Copeland and McDonald, 2001). The degree of deterioration is associated with the 
concentration of seed exudates that may be found in the steep solution and is a 
reflection of the amount of membrane degradation that has occuned (Copeland and 
McDonald, 2001). 
The integrity of cell membranes, detennined by deteriorative biochemical 
changes and/or physical disruption, can be considered the fundamental cause of 
differences in seed vigour, which are indirectly detennined as electrolyte leakage 
during the conductivity test (Powell, 1988). Hampton and TeKrony (1995) stated that 
as the seed re-hydrates during early imbibition, the ability of its cellular membranes to 
reorganise and repair any damage that may have occuned will influence the extent of 
electrolyte leakage from the seed. The greater the speed with which the seed is able to 
re-establish its membrane integrity, the lower the electrolyte leakage. High vigour 
seeds are able to reorganise their membranes more rapidly, and repair any damage to a 
greater extent, than low vigour seeds (Hampton and TeKrony, 1995). Hence, 
electrolyte leakage measured from high vigour seeds is less than that measured from 
low vigour seeds. 
The electrical conductivity test has been evaluated and cOlTelated with field 
emergence in cabbage (Hill et ai., 1988) and Brussels sprouts (Thornton et ai., 1990). 
Use of the conductivity test has also been investigated in mustard and rapeseed 
(Vern1a et ai., 2001), canola (Elias and Copeland, 1994, 1997; Wagner et aI., 2004), 
broccoli (Da Costa Mello et ai., 1999), cauliflower (Mirdad et ai., 2004) and cabbage 
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(Ming et al., 1995; Mirdad et al., 2004), but a recommendation for the use of the 
conductivity test as a vigour test for Brassicas has yet to be proposed. 
5.2. Materials and methods 
5.2.1. Seed lots 
Nine forage bras sica seed lots consisting of B. campestris, B. napus and B. 
rapa x campestris, were supplied by Wrightson Research (Kimihia Research Centre) 
to the New Zealand Seed Tec1U1ology Institute (Lincoln University) where the 
experiment was undeliaken. Eighteen Asian vegetable brassica seedlots consisting of 
B. oleracea L. var. alboglabra, B. chinensis L. var. parachinensis, and B. rapa were 
supplied by Smith Seeds. 
5.2.2. Conductivity test 
Four replicates of 100 seeds were taken at random from the pure seed fraction 
(ISTA, 2005) of each seed lot and weighed. Electrical conductivity of the leachate 
from imbibed seeds was then measured. Seeds were placed in plastic vials containing 
50 ml deionised water (DW equilibrated to 20°C) and kept in a controlled temperature 
room (20°C). After 4, 8, 12, 16, 20, and 24 hours the electrical conductivity for each 
species was assessed using a single cell electrical conductivity meter (CDM210, 
Radiometer, Copenhagen). The background conductivity from the deionised water 
was not subtracted from the sample conductivity readings. Each seedlot's mean 
conductivity was plotted against period of imbibition (hours). The time taken to reach 
95% maximum of each curve was then calculated and used to detennine the optimum 
time for measuring conductivity. 
Seed lots were first tested at the SMC as received (Tables 3.1-3.6). Then, with 
the exception of one seed lot of turnip, each seed lot had its SMC slowly increased to 
8.5% by placing it between 2 layers of moistened blotting paper before being retested 
for conductivity as described above. Seeds were weighed every hour during 
imbibition to detennine when they had reached the required SMC. SMC was slowly 
adj usted to 8.5 % to reduce the possibility of imbibition damage. Turnip seed lot 1210 
had a SMC of 8.8%. The seed lot was dried in an oven at 130°C for 15 minutes and 
then reweighed, enabling its final SMC to be calculated. 
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5.2.3. Tetrazolium test 
Four replicates of 100 seeds were used for this procedure. Seeds (original 
SMC and adjusted SMC) were soaked in 50 ml ofDW for 16 hours. Seeds were then 
soaked in a 1.0% solution of 2,3,5 - triphenyl tetrazolium chloride for 16 hours at 
20°C, after which, seed coats were removed. Seeds were then examined under a 
microscope and evaluated for viability. A viable seed is one which has a high 
percentage of red stained tissue, particularly the radicle. A non-viable seed is one 
which has a high percentage of white tissue (1ST A, 2005). 
5.2.4. Experimental Design 
The two experiments were arranged as a 6 (imbibition time) x 27 (seed lots) 
complete randomised factorial design with 4 non-randomised replicates. The time to 
reach 95% maximum of the curve was calculated using Genstat, 2003 (Lawes 
Agricultural Tmst, Rothamstead Experimental Station, UK). 
5.3. Results 
5.3.1. Conductivity, non-adjusted SMC 
Conductivity ranged from 37.8 to 62.3 f.LS cm-1g-1 after 4 h of soaking, and 
from 74.5 to 129.2 f.LS cm-I g-I after 24 h of soaking for forage brassica seed lots 
(Figures 5.1, 5.2; Appendix 3c) and from 30.5 to 51.4 f.LS cm-1g-1 after 4 h of soaking, 
and from 54.2 to 94.6 f.LS cm-I g-I after 24 h of soaking for Asian vegetable brassica 
seed lots (Figures 5.3-5.6; Appendix 3d). Conductivity ranged from 80.2 to 126.8 f.LS 
cm-1g-1 for forage tumip, 75.6 to 84.1 f.LS cm-1g-1 for forage tumip rape hybrid and 
74.5 to 129.2 f.LS cm-1g-1 for forage rape after 24 h of soaking. Conductivity ranged 
from 64 to 94.6 f.LS cm-1g-1 for Asian kale, 54.2 to 77.4 f.LS cm-1g-1 for Asian rape and 
69.1 to 78.6 f.LS cm-I g-I for Asian choisum after 24 h of soaking. In general, 
conductivity was lower for Asian vegetable brassica seed lots compared with forage 
species (Figures 5.1-5.6). 
Conductivity was generally lower when the SMC was adjusted to 8.5% 
(Figures 5.7-5.12; Appendix 3g, h) with the exception of one seed lot oftumip (Figure 
5.7). Conductivity ranged from 22.8 to 113.5 f.LS cm-I g-I after 4 h of soaking, and from 
43.4 to 274.4 f.LS cm-1g-1 after 24 h of soaking for forage brassica seed lots (Figures 
5.7, 5.8; Appendix 3g) and from 14.7 to 39.5 f.LS cm-I g-I after 4 h of soaking, and from 
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33.4 to 81.6 flS cm-1g-1 for Asian vegetable bras sica seed lots after 24 h of soaking 
(Figures 5.9-5.12; Appendix 3h). Conductivity ranged from 53.9 to 274.4 flS cm-1g-1 
for forage tU111ip, 46.8 to 48.1 flS cm-I g-I for forage tU111ip rape hybrid and 43.4 to 
64.7 flS cm-I g-I for forage rape after 24 h of soaking. Conductivity ranged from 33.4 
to 81.6 flS cm-1g-1 for Asian kale, 43.2 to 64.7 flS cm-1g-1 for Asian rape and 43.1 to 
57.4 flS cm-I g-I for Asian choisum after 24 h of soaking. With the exception of Asian 
choisum, conductivity was generally lower for Asian vegetable brassica seed lots 
compared with forage brassica seed lots. 
Increases in conductivity measurements were still being obtained between 16 
and 24 hours (Figures 5.1-5.12; Appendix 3c-h). This was true for most seed lots, 
with the exception of choisum seed lot 645, 634; Asian kale seed lot 1304 (Figure 5.5; 
Appendix 3d). When adjusting the SMC to 8.5%, the increases in conductivity 
measurements were still apparent with the exception of Asian rape seed lot 1274 





!i • S80 
'" 
:f 60 • 
'" = '0 

















'" = '0 













Figure 5.1. Conductivity (flS cm-1g- l ) oftu111ip seed lots (i) and tU111ip rape hybrid 
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Figure 5.2. Conductivity (flS cm-I g-I) of forage rape seed lots (i) and mean for forage 
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Figure 5.3. Conductivity (ILS cm-1g-1) of Asian rape seed lots (i) and (ii) between 4 































Figure 5.4. Conductivity (ILS cm-1g-1) of Asian kale seed lots (i) and (ii) between 4 
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Figure 5.6. Mean seed lot conductivity (JlS cm-1g-1) for Asian species between 4 and 
24 hours. 
5.3.2. Radicle emergence, non adjusted SMC 
In most brassica seed lots, radicle emergence began to occur between 16 and 
20 hours of soaking (Tables 5.1, 5.2 and Plate 1). Radicle emergence varied among 
species and seed lots. For example in Asian rape, radicle emergence ranged from 4 to 
30% at 20 h, compared with 0 to 1 % for Asian kale (Table 5.2). 
Table 5.1. Percentage radicle emergence in forage brassica seed lots after 20 and 24 
hours of soaking. 
Radicle emergence (%) 
TurniQ ra2e h~brid TumiQ Forage raQe 
Seed lot Soaking period Seed lot Soaking period Seed lot Soaking period 
(h) (h) (h) 
16 20 24 16 20 24 16 20 24 
1213 0 3 5 464 0 10 10 1228 0 10 10 
1218 0 5 10 1225 0 0 10 1247 0 5 10 
1236 0 0 10 1210 0 0 0 1257 0 5 10 
Plate 5.1. Example of seeds exhibiting radicle emergence at 20 h imbibition. 
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Table 5.2. Percentage radicle emergence in Asian vegetable brassica seed lots after 20 
and 24 hours of soaking. 
Radicle emergence (%) 
Choisum Asian kale Asian rape 
Seed lot Soaking period Seed lot Soaking period Seed lot Soaking period 
(h) (h) (h) 
16 20 24 16 20 24 16 20 24 
634 0 2 2 1328 0 0 0 1265 0 5 10 
637 0 10 10 1308 0 0 0 1264 0 5 15 
638 0 8 10 1304 0 0 0 1263 0 4 10 
641 0 7 10 1298 0 0 0 1270 0 5 5 
645 0 3 5 1297 0 1 1 1271 0 20 30 
1296 0 0 1 1273 0 10 10 
1274 0 20 20 
5.3.3. Conductivity, adjusted to 8.5% SMC 
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Figure 5.7. Conductivity (IlS cm-1g- l ) oftumip seed lots (i) and tumip rape hybrid 
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Figure 5.8. Conductivity (IlS cm-I g-I) of forage rape seed lots (i) and mean for 



































Figure 5.9. Conductivity (p,S cm"l g"l) of Asian rape seed lots (i) and (ii) between 4 
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Figure 5.10. Conductivity (J1S cm"lg"l) of Asian kale seed lots (i) and (ii) between 4 
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Figure 5.11. Conductivity (J1S cm"lg"l) of choisum seed lots (i) and (ii) between 4 and 
24 hours (8.5% - SMC). 
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Figure 5.12. Mean seed lot conductivity (IlS cm-1g-1) for Asian species between 4 and 
24 hours (8.5% - SMC). 
5.3.4. Radicle emergence, adjusted SMC 
In most brassica seed lots, radicle emergence began to occur between 16 and 
20 hours of soaking (Tables 5.3, 5.4). Radicle emergence varied among species and 
seed lots. For example in tumip rape hybrid, radicle emergence ranged from 2 to 11 % 
at 20 h (Table 5.3), compared with 0 to 2% for Asian kale (Table 5.4). 
Table 5.3. Percentage radicle emergence in forage brassica seed lots (SMC - 8.5%) at 
20 and 24 hours of soaking. 
Radicle emergence (%) 
Tumip rape hybrid Tumip Forage rape 
Seed lot Soaking period Seed lot Soaking period Seed lot Soaking period 
(h) (h) (h) 
16 20 24 16 20 24 16 20 24 
1213 0 2 5 464 0 11 12 1228 0 10 12 
1218 0 4 10 1225 0 0 11 1247 0 8 11 
1236 0 0 11 1210 0 0 0 1257 0 0 0 
85 
Table 5.4. Percentage radicle emergence in Asian vegetable brassica seed lots (SMC -
8.5%) at 20 and 24 hours of soaking. 
Radicle emergence (%) 
Choisum Asian kale Asian rape 
Seed lot Soaking period Seed lot Soaking period Seed lot Soaking period 
(h) (h) (h) 
16 20 24 16 20 24 16 20 24 
634 0 2 2 1328 0 0 0 1265 0 3 7 
637 0 7 9 1308 0 0 0 1264 0 6 13 
638 0 5 8 1304 0 0 0 1263 0 4 10 
641 0 6 13 1298 0 0 0 1270 0 3 5 
645 0 2 5 1297 0 1 1 1271 0 18 27 
1296 0 0 2 1273 0 10 11 
1274 0 18 19 
5.3.5. Time to 95% maximum 
The mean period of soaking required to reach 95% maximum of the curve was 
23.4 h for forage brassica seed lots and 16.6 h for Asian vegetable brassica seed lots 
(Table 5.5; Appendix 3e, f). For all species, 18.8 h was the mean time to reach 95% 
maximum of the curve. Among forage and Asian vegetable spp. the time to reach 
95% maximum of the curve varied from 14.3 to 31.7 h (Table 5.5; Appendix 3e, f). 
Table 5.5. Variation in time to 95% maximum when measuring mean Brassica 
species conductivity pre and post-SMC adjustment. 
Time to reach 95% maximum a the curve 
Species 
Turnip 








Pre-SMC adjustment SMC - 8.5% 













After adjusting the SMC to 8.5%, the time to reach 95% maximum of the 
curve was altered for some species (Table 5.5; Appendix 3i, j). The mean for forage 
brassica seed lots was 20.4 h, whilst that for Asian vegetable brassica seed lots was 
18.3 h. For all species, 19 h was the mean time to reach 95% maximum of the curve. 
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The time was reduced for tumip and forage rape, but increased for tumip rape hybrid, 
Asian rape and Asian kale (Table 5.5). The largest differences in time to 95% 
maximum of the curve was between Asian kale (4.6 h) and forage rape (10.9 h). 
5.3.6. Effects of adjusting SMC to 8.5% prior to testing 
Adjusting the SMC to 8.5% prior to conductivity testing resulted in less 
variation as measured by the standard error of the mean among replicates for 
conductivity values at all times, and also a reduction in the conductivity recorded for 
individual seed lots (Figures 5.13, 5.14). 
100 (i) 100 • Original SMC at 16 hours (ii) 
• Original SMC at 16 hours o SMC - 8.5% at 16 hours 
90 o SMC - 8.5% at 16 hours 90 
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Figure 5.13. Standard error bars at 16 hours for forage brassica seed lots (1210 omitted) 
(i) and Asian kale (ii) for conductivity values (pre and post-SMC adjustment). 
80 
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Figure 5.14. Standard error bars at 16 hours for Asian rape (i) and choisum (ii) for 
conductivity values (pre and post-SMC adjustment). 
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5.3.7. Tetrazolium test 
Tumip seed lot 1210 had an original SMC > 8.5%. Therefore SMC needed to 
be reduced. SMC was mistakenly reduced by drying the seed at 130°C for 15 minutes. 
Prior to SMC adjustment, conductivity at 24 h was 126.8 j1S cm-1g-1 (Figure 5.1; 
Appendix 3c). After the SMC was reduced, conductivity at 24 h was 274.4 j1S cm-1g-1 
(Figure 5.7; Appendix 3g). The tetrazolium test was conducted to see if the drying 
process had killed/damaged seeds. The tetrazolium test results indicated that 97% of 
the seeds were dead due to oven drying (Table 5.8). Therefore, in this case using an 
incOlTect method to reduce the SMC resulted in seed being damaged/killed. 
The tetrazolium test was also used to determine if placing seeds in water prior 
to SMC adjustment for 24 h caused significant imbibition damage. The tetrazolium 
test indicated that slowly adjusting the SMC to 8.5% resulted in seed lots 464, 1225 
and 1298 (Table 5.6) having a reduced number of non-viable seeds (Plates 5.3, 5.3). 
For example, slowly adjusting the SMC to 8.5% resulted in seed lot 464 having 94% 
viability (post-16 h soak period) compared with just 80% viability (original 
SMC=7.1 %). These results suggest that imbibition damage OCCUlTed because water 
uptake was too rapid during the conductivity test. Slowly adjusting the SMC to 8.5% 
prior to the conductivity test resulted in reduced imbibition damage and consequently, 
a reduced number of non-viable seeds (Plate 5.4). 
Table 5.6. Tetrazolium test results for seed lots 1210 (130°C - 15 mins), 1298, 464 
and 1225 (adjusted SMC - 8.5%) soaked in water for 16 hours. 
Seedlot Viable Non viable Viable Non viable 
SMC-8.8% SMC - oven dried (8.5%) 
1210 26 74 3 97 
SMC-6.5% SMC - raised SMC (8.5%) 
1298 46 54 57 43 
SMC-7.1% SMC - raised SMC (8.5%) 
464 80 20 94 6 
SMC-8.1% SMC - raised SMC (8.5%) 
1225 44 56 69 31 
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Plate 5.2. Example of a non-viable seed evaluated using the Tetrazolium test. Note 
the area of unstained dead tissue, particularly on the radicle. 
Plate 5.3. Examples of non-viable seeds evaluated using the Tetrazolium test. Note 
the areas of unstained dead tissue. 
Plate 5.4. Examples of viable seeds evaluated using the Tetrazolium test. Within the 
seeds tissue triphenyl tetrazolium chloride stained red in living cells 
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5.4. Discussion 
The conductivity test was mostly able to identify vigour differences among forage 
and Asian vegetable brassica seed lots (Figures 5.1-5.12). It is impOliant to note that 
to be of commercial use, the conductivity test must be able to identify vigour 
differences among high gem1inating seed lots (i.e. 85% or more germination). For 
example, Asian rape seed lots had germination greater than 95% (Appendix 3a, b). 
Yet, at 24 h (adjusted SMC) conductivity values ranged from 48 to 64.7 p,S cm"lg"l, 
indicating significant vigour differences among seed lots. In tumip rape hybrid, the 
gem1inations for seed lots 1213, 1218 and 1236 were 96, 99 and 95% respectively. 
The 24 h (adjusted SMC) conductivities (Appendix 3g) were 46,47 and 46 p,S cm"lg" 
1, suggesting that all three were high vigour seed lots. Elias and Copeland (1994, 
1997) observed that the conductivity test could be used to identify vigour among high 
genninating canola seed lots. 
Differences in conductivity readings were observed among seed lots in all 
species (Appendix 3e-m, Figures 5.1-5.12). After 24 h of soaking, the distribution of 
conductivity readings (seed lot 1210 removed) were spread over a wide range (33.4-
81.6 p,S cm"l g"l) for both the original and adjusted SMC (Figures 5.1, 5.12). Similarly, 
Thomton et al. (1990) observed that conductivity readings at 24 h soaking in Brussels 
sprouts cultivars ranged from 4.99 to 12.28 m amps g"l. Hill et al. (1988) observed 
that individual seed conductivity readings in two cabbage seed lots ranged from 10 to 
22 p,A as time of soaking increased from 1 to 8 h soaking. Verma et al. (2001) 
observed that conductivity readings in mustard ranged from 8.5 to 14.7 
p,mhos/cm/seed at 6 h soaking and from 7.5 to 10.6 p,mhos/cm/seed for tumip. At 12 
h soaking, conductivity readings for mustard ranged from 9.1 to 18.3 p,mhos/cm/seed 
and from 8.7 to 11.9 jtmhos/cm/seed for tumip. At 18 h soaking, conductivity 
readings ranged from 9.5 to 19.1 p,mhos/cm/seed for mustard and from 10.5 to 13.9 
p,mhos/cm/seed for tumip. At 24 h soaking, conductivity readings ranged from 10.2 to 
22.67 p,mhos/cm/seed for mustard and from 13.67 to 16.15 p,mhos/cm/seed for tumip 
(Venna et al., 2001). However, Chitra Devi et al. (2003) and Dubey et al. (1989) 
observed little variation in conductivity readings after 4h soaking in mustard, the 
range being 12.6 to 13.9 mhos/g for the former and 1.4 to 1.9 mmhos/cm for the 
latter. Elias and Copeland (1994) observed that conductivity readings at 16 h in canola 
ranged from 67 to 111 p,mhos/g. Elias and Copeland (1997) observed that 
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conductivity readings at 16 h in canola ranged from 67 to 80 J,tmhos/g. In all these 
repOlis no author has stated what conductivity readings they would assign to "low" 
and "high" vigour. 
Increasing the period of imbibition resulted in increased conductivity for most 
seed lots (Figures 5.1-5.12). These results agree with Loeffler et al. (1988) in 
soybean, Hill et al. (1988) in cabbage and Verma et al. (2001) in mustard and turnip 
seed. Vernla et al. (2001) observed that the increase in conductivity at different soak 
periods was related to the initial degree of deterioration of the mustard seed lots. Low 
quality seeds have poor membrane structure that allows the outward diffusion of ions 
during imbibition that are detected by monitoring the electrolytes present in the steep 
water (McDonald, 1999). However in this experiment, increases in conductivity were 
observed for seed lots of both high and low quality (Figures 5.1-5.12). 
Variation was observed in the time to reach 95% maximum of the curve 
(Appendix 3e, f, i, j; Table 5.5). For example, forage rape and turnip (original SMC) 
took 31.7 and 21.6 h respectively to reach 95% maximum of the curve. This was 
significantly different from 16.8, 14.3, 16.3 and 18.7 h for turnip rape hybrid, 
choisum, Asian rape and Asian kale respectively. Hence, these results influenced the 
time to reach 95% maximum of the curve for all species. Had turnip and forage rape 
been excluded from the analysis, 16.5 h would have been the time to reach 95% 
maximum of the curve for all species. This result would therefore agree with Mirdad 
et al. (2004) in cauliflower and cabbage and Wagner et al. (2004) in rape. For both 
forage rape and turnip there was one seed lot which had higher conductivity readings 
compared with other seed lots and this will have influenced the time to 95% 
maximum of the curve. 
Radicle emergence occurred between 16 and 24 h. This may have resulted in 
increased electrolyte leakage between these times for some seed lots. For example in 
Asian rape seed lot 1263 in which radicle emergence occurred, conductivity increased 
between 16 and 24 h (Figure 5.9), but conversely for seed lot 1274 of the same 
species in which radicle emergence also occun-ed, conductivity did not increase 
between 16 and 24 h (Figure 5.9). Additionally in Asian kale seed lots 1298 and 1308 
in which no radicle emergence occurred, conductivity increased between 16 and 24 h 
(Figure 5.10). There was therefore no consistency in the response to radicle 
emergence. Correlations were found between conductivity and radicle emergence 
when analysing all species, forage species, Asian vegetable species and individual 
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forage species separately, but not for individual Asian vegetable species (Appendix 
3k-s). To remove any possible influence of radicle emergence, Wagner et al. (2004) 
recommended soaking for 16 h for canola. 
Initial SMC had a direct effect on the amount of electrolyte leakage measured 
in the conductivity test. Hampton (1995a) reported initial SMC and cultivar may both 
influence conductivity. A method to solve such variability due to initial SMC would 
be to try and achieve unifonn SMC prior to testing (Hampton, 1995a). Increasing the 
SMC to 8.5% resulted in lower conductivity readings for all species and seed lots, 
(Figures 5.7-5.12). For the one seed lot when the seed lot moisture had to be reduced, 
air drying at 130°C damaged the seeds, thus reducing viability (Table 5.6) and 
increasing conductivity values (Figure 5.7 (i)). Therefore incorrect adjusting of SMC 
can cause damage to the seed. 
Variation among replicates of seed lots was observed for both the original and 
adjusted SMC (Figures 5.13, 5.14), but adjusting SMC reduced the variation. For 
example at 16 h, seed lot 1273 (pre-SMC adjustment) had a standard elTor of 13 JlS 
cm-I g-I. Adjusting the SMC to 8.5% reduced this error to 3 JlS cm-1g-1 (Figure 5.14). 
A possible explanation for lowered conductivity readings and variation is a 
reduction in imbibition damage. The results of the tetrazo1ium test for seed lots 1298, 
464 and 1225 support this theory. Viability after soaking was much lower pre-SMC 
adjustment (46-80%) compared with seeds whose SMC had been adjusted to 8.5% 
(57-94%). Differences in solute leakage between pre and post-SMC adjustment 
reflected differences in the amount of living tissue present on the cotyledons, as 
revealed by tetrazolium staining after soaking (Table 5.6, Plates 5.2-5.4). These 
results agree with Loeffler et al. (1988), who adjusted soybean SMC to nine moisture 
levels ranging from 6 to 18% before measuring conductivity. Loeffler et al. (1988) 
observed that mean conductivity decreased by as much as 37% as SMC increased 
from 6 to 18%. Similar effects of initial SMC have been shown in soybean (Tao, 
1978; Hampton et al., 1992b; Veira et at., 2002) mungbean and French bean 
(Hampton et at., 1992b), dwarf French bean (Powell et at., 1986) and Lotus spp 
(Hampton et at., 1994). The lower the SMC, the higher the structural disorganisation 
of cellular membranes, and the higher the loss of electrolytes during the initial seed 
soak period (Vieira et al., 2004). Thus, the rate and level of leakage is higher. 
Leakage rates may be influenced by differences in the natural age of seed lots or 
individual seeds (Thomton et at., 1990); loss of cell membrane integrity (caused by 
seed ageing), hydration/dehydration damage, or mechanical injury (Beresniewicz et 
at., 1995). 
One of the limitations in this experiment was that no tolerance table could be 
created due to the lack of replication. For a tolerance table to be constructed, various 
laboratories around the world would have to test the same seed lots to provide data 
sets from which allowable variation in results could be calculated (ISTA, 2005). 
These tolerances would be applicable to all seed lots of a species regardless of 
variables such as cultivar, and seed size. Before the conductivity test could be 
considered as a vigour test for Brassica spp. by ISTA, tolerance tables would need to 
be produced. 
5.5. Conclusions 
From this study, one can make the following conclusions: 
• The conductivity test could identify vigour differences among brassica seed 
lots as well as, and in some cases (e.g. Asian rape) better, than AA testing 
(Chapter 3). 
• Sixteen hours was the optimum time for measuring conductivity in tumip rape 
hybrid, Asian kale, Asian rape and choisum because this was the time to reach 
95% maximum of the curve. In tumip or forage rape a longer time may be 
required because radicle emergence occurred after 16 h. 
• Adjusting the SMC to 8.5% reduced replicate variability among seed lots. 
• Higher conductivity readings observed in seeds with low SMC may be caused 
by imbibition damage. 
• More conductivity testing needs to be completed in different laboratories in 
order to develop a tolerance table that accounts for variation between 
laboratories. 
CHAPTER 6 
EFFECT OF SIZE GRADING ON SEED QUALITY AND VIGOUR IN 
SELECTED BRAS SICA SPECIES 
6.1 Introduction 
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Size and chemical composition are important aspects of seed quality (Fenner, 
1992). A commercial seed lot is rarely homogenous for seed size, and seeds of 
different sizes within a seed lot may have differing quality attributes (Komba et at. 
2004). A modest increase in seed size may have important consequences for 
successful seedling establishment and competitive ability (Fenner, 1992; Lamb and 
Johnson, 2004). Studies have shown that large seeds provide better establishnlent, 
larger plants, more vigorous plants and higher biomass than small seeds (Ahmed and 
Zuberi, 1973; Feruler, 1992; Elliott and Rakow, 2004). Other studies have reported 
that seed size detennines field stand and unifonnity of crop growth (Dubey et at., 
1989). Seed size differences within a seed lot may be associated with crop maturity 
and the envirorunent during seed maturation (Delouche, 1980; Fenner, 1992; 
Copeland and McDonald, 2001) 
Seeds of different sizes within a seed lot have been related to various quality 
attributes including seed vigour (Austin, 1972; Hanumaiah and Andrews, 1973; 
McDonald, 1995). There have been reports that large size seeds are superior in vigour 
than small size seeds (Austin and Longden, 1967; Hanumaiah and Andrews, 1973). 
Others have reported that small size seeds may have better vigour than large size 
seeds (Wang and Hampton, 1989). Furthennore, others have reported that seed size 
has no effect on subsequent seed perfornlance (Lang and Holmes, 1964; Halsey et at., 
1970; Hoy and Gamble, 1985; Egli et at., 1990). In mustard, large size seeds have 
been reported as being superior in vigour parameters compared to small size seeds 
(Dubey et at., 1989; Chitra Devi et ai., 2003). Similarly, Hanumaiah and Andrews 
(1973) repOlied that in turnip and cabbage, large size seeds were superior in 
gelmination and vigour compared with small seeds. However, in kale, Komba (2003) 
repOlied that medium size seeds had higher vigour than large and small size seeds. 
Investigations with several species have shown that seed size can also 
influence conductivity results (McDonald and Wilson, 1979; Loeffler et at., 1988; 
Hampton et at., 1992a). The use of mean seed weight often masks the considerable 
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size differences among seeds (Felmer, 1992). Hence, vigour tests may provide a more 
plausible evaluation of the effect of seed size on seed quality. Currently, no 
info1TI1ation is available regarding the effect of seed size in Asian kale and forage rape 
on seed vigour as dete1TI1ined by the conductivity and AA test. 
6.2 Materials and methods 
6.2.1 Size grading 
Three seed lots of forage rape were received from Wrightson Kimihi;:t 
Research Centre and three seed lots of Asian kale were received from Smiths Seeds, 
Ashbmion. Before size grading, seed lots were subjected to the standard gennination 
test as described in 3.2.2. The seed lots were size graded into three categories; large 
(retained on a 2.0 mm screen), medium (retained on a 1.7 mm screen) and small 
(passed through a 1.7 mm screen). The graded seeds were weighed to detennine the 
propOliion by weight of each seed size. This was expressed as a percentage. 
6.2.2. Seed quality evaluation 
The thousand seed weight (TSW) was measured for each seed size grade 
(ISTA, 2005). Seed lot vigour for each size grade was assessed using the modified 
AA (41 °C/48 h) test method as described in Chapter 3 and the conductivity test 
(measured at 16 and 24 h) as described in Chapter 5. The graded seeds were tested for 
gennination and moisture content as described in Chapter 3. 
6.3. Results 
Prior to size grading, all seed lots had a germination of 85% or greater (Table 
6.1). For both forage rape and Asian kale seed lots, there was variation in TSW and 
the proportions by weight among graded sizes and seed lots (Table 6.2). Asian kale 
seed lots tended to have higher TSW than forage rape seed lots for large and medium 
seeds (Table 6.2). For small sized seeds there was little variation in TSW (Table 6.2). 
However, seed lot 1670 had a lower TSW (2.62 g) compared with other seed lots 
(Table 6.2). Small size seeds contributed between 5 and 20%, medium size seeds 
between 32 and 47%, and large size seeds between 32 and 63% to the total weight for 
all seed lots (Table 6.2). 
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Table 6.1. Seed lot gem1ination percentage for forage rape and Asian kale following 
the standard gennination test (SG). 
Forage rape Asian kale 
Seed lot SG Seedlot SG 
330 89 1670 93 
331 90 1706 91 
332 85 1784 94 
Mean 88 93 
Table 6.2. Thousand seed weight (TSW) and percentage proportions by weight for 













Proportion by wt (%) 
TSW (g) 
Proportion by wt (%) 
TSW (g) 
PropOliion by wt (%) 
Mean TSW (g) 
Mean proportion (%) 
TSW (g) 
PropOliion by wt (%) 
TSW (g) 
Proportion by wt (%) 
TSW (g) 
Proportion by wt (%) 
Mean TSW (g) 
Mean proportion (%) 
Seed sizes 
Large I Medium I Small 
>2.0mm >1.7mm <1.7mm 
5.09 3.78 2.81 
58 36 6 
5.28 3.99 2.82 
63 32 5 
5.10 3.83 2.77 
49 41 10 
5.15 3.86 2.8 
57 36 7 
5.68 3.93 2.62 
32 47 21 
5.40 3.96 2.85 
38 42 20 
5.33 3.9 2.70 
35 48 17 
5.47 3.93 2.72 
35 45 20 
Pre-AA gennination varied with seed size for forage rape and Asian kale seed 
lots, with the exception of seed lot 1784 (Figure 6.1). In forage rape, the effect of seed 
size on pre-AA gennination was different for each seed lot (Figure 6.1 (i)). Seed lot 
330 had the highest gennination for large size seeds, but gennination percentage did 
not differ between small and medium size seeds. Seed lot 331 had lower gennination 
for small size seeds, but gennination percentage of medium and large size seeds did 
not differ. For seed lot 332, gennination increased with increasing seed size (Figure 
6.1 (i)). In Asian kale, the effect of seed size on pre-AA gennination also varied with 
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seed lot (Figure 6.1 (ii)). Seed lot 1670 had the highest germination for large size 
seeds, but germination percentage did not differ between medium and small seeds. 
There was little difference in germination percentage between seed sizes for seed lot 
1784. Seed lot 1706, had the lowest germination for small size seeds, but there was 
little difference in germination percentage between medium and large seeds (Figure 
6.1 (ii)). There was a significant interaction (P=0.024) between seed lot and size for 
pre-AA germination (Appendix 4a). 
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Figure 6.1. Pre-AA germination (%) in relation to TSW (g) for both forage (i) and 
Asian vegetable species (ii). Vertical bars represent the standard errors of means. 
In forage rape, post-AA germination increased with seed size for all seed lots 
(Figure 6.2 (i)). In Asian kale, the effect of seed size on post-AA germination was 
different for each seed lot (Figure 6.2 (ii)). For seed lot 1784, medium size seeds had 
higher post-AA germination than large and small seeds. For seed lot 1706, there was 
no significant difference in post-AA germination between medium and large size 
seeds, but small seeds had a lower germination (Figure 6.2 (ii)). For seed lot 1670, 
large size seeds had higher post-AA germination than small and medium seeds, but 
germination of the latter two did not differ (Figure 6.2 (ii)). There was a significant 
interaction (P<0.001) between seed size and post-AA germination (Appendix 4b). 
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Figure 6.2. Post-AA germination (%) in relation to TSW (g) for both forage (i) 
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Figure 6.3. Conductivity at 16 and 24 hours for size graded seed for forage 





Conductivity readings increased as seed size decreased for both forage rape 
and Asian kale (Figures 6.3-6.5). However, in Asian kale seed lot 1706, there was 
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Figure 6.4. Conductivity at 16 and 24 hours for size graded seed for forage rape seed 
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Figure 6.5. Conductivity at 16 and 24 hours for size graded seed for Asian 
kale seed lots 1706 (i) and 1784 (ii). 
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Asian kale seed lots had a lower conductivity range compared with forage rape 
seed lots (Figures 6.3-6.5). For forage rape seed lots, conductivity values ranged from 
200 to 300 I1S cm-1 g-1 for small size seeds, 120 to 220 I1S cm-1g-1 for medium seeds 
and 90 to 150 I1S cm-1g-1 for large size seeds (Figures 6.3, 6.4). For Asian kale seed 
lots, conductivity values ranged from 125 to 165 I1S cm-1g-1 for small size seeds, 80 to 
115 I1S cm-1g-1 for medium size seeds and 65 to 100 I1S cm-1g-1 for large size seeds 
(Figures 6.4, 6.5). 
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6.4. Discussion 
There were significant differences in pre-AA gel111ination among seed sizes in 
forage rape seed lots (Figure 6.1 (i». For most of the seed lots, large size seeds had 
higher pre-AA gennination compared with medium and small seeds. However, for 
forage rape seed lot 331 and Asian kale seed lot 1706, medium size seeds had higher 
pre-AA gennination than large and small seeds. These results generally agree with 
Chitra Devi et al. (2003) who observed that in mustard, mean gennination declined 
with a decrease in seed size. In Asian kale, differences in pre-AA gennination among 
seed size was influenced by seed lot (Figure 6.1 (ii». For example, in seed lots 1670 
and 1784, large size seeds had higher pre-AA gennination compared with medium 
and small size seeds (Figure 6.1 (ii». Yet, in seed lot 1784, there was no effect of seed 
size on pre-AA germination (Figure 6.1 (ii». 
Seed size had a significant effect on post-AA gennination in all six seed lots 
(Figure 6.2). However, this effect was more pronounced in forage rape compared with 
Asian kale. In forage rape large size seeds had higher post-AA gennination cf. 
medium cf. small size seeds (Figure 6.2, (i». In Asian kale, large size seeds had 
higher post-AA gelmination compared with small seeds. Seed lot 1670, had the 
highest gennination for large size seeds but there was little difference in gennination 
percentage between medium and small seeds. For seed lot 1784, medium size seeds 
had higher gennination than large and small seeds. For seed lot 1706, there was little 
difference in gelmination between medium and large size seeds, but both had higher 
gennination than small seeds. These results agree in pmi with previous research in 
can-ot (Austin and Longden, 1967), cabbage (Hanumaiah and Andrews, 1973) and 
mustard (Dubey et al., 1989; Chitra Devi et al., 2003). 
There was little difference in post-AA gennination between small and medium 
size seeds for seed lot 1670 (Figure 6.2 (ii». Similarly, there was little difference in 
post-AA gennination between medium and large size seeds for seed lot 1706 (Figure 
6.2 (ii». In seed lot 1784, medium size seeds had higher post-AA gennination 
compared with large and small seeds (Figure 6.2 (ii». These results agree in part with 
previous studies in swede (Lang and Holmes, 1964) and forage kale (Komba, 2003). 
Komba (2003) observed that medium sized seeds generally, but not always perfonned 
better in both gelmination and vigour than other seed sizes. However, in Komba's 
(2003) study on forage kale, medium and small size seeds made up around 90% of the 
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total weight, whereas in my experiment small and medium size seeds represented 43% 
of the total weight for forage rape and 64% for Asian kale. Hence, seed lot 
composition was a goveming factor in detennining the effect of seed size on seed 
quality. Komba (2003) also used different screen sizes (2.36, >2.0 mm, >1.5 mm, 
<1.5 mm) and a different species to this experiment. Therefore it is not entirely 
appropriate to make direct comparisons between both studies. 
In the conductivity test, results are expressed per gram to eliminate seed size 
as a variable. Matthews (1981) reported that the conductivity reading assumes that all 
seeds within a lot have similar levels of solute leakage, regardless of seed size. 
However, in this study seed size affected mean conductivity in both forage rape and 
Asian kale seed lots. The exception was seed lot 1706, where there was little 
difference between large and medium seeds. Small size seeds may have been 
adversely positioned on the mother plant, resulting in low seed vigour. Castillo et al. 
(1993) and Padrit et al. (1996) observed that in garden pea, seed vigour (as 
detennined by the conductivity test) was significantly lower in seeds from pods at the 
top of the canopy than from seeds from pods in the middle or base of the canopy. 
Felmer (1992) reported that chemical composition and size are influenced by the 
seed's position on the mother plant. Small size seeds also have a greater surface area 
per unit weight than larger seeds which may result in seeds having a greater rate of 
imbibition. This may result in greater imbibition damage and hence increased 
electrical conductivity compared with medium/large seeds. 
Other investigations with several species have also shown that seed size 
influenced conductivity results (McDonald and Wilson, 1979; Siddique and Goodwin, 
1985; Hepbum et ai., 1984; Loeffler et al., 1988; Hampton et al., 1992b). In mustard, 
Dubey et al. (1989) reported that that small size seed had higher conductivity readings 
than large size seed. In contrast, Chitra Devi et al. (2003) observed that large and 
medium sized mustard seeds had higher conductivity values than small or very small 
size seeds. Similar findings have also been reported in soybean (Vyas et al., 1990) and 
cowpea (Verma and Gupta, 1975; Paul and Ramaswamy, 1979). 
Differences in seed vigour between seed sizes for both forage rape and Asian 
kale may be related to seed maturity, genetic composition, environmental conditions 
(pre and post-harvest), plant density, physical/mechanical damage and membrane 
degradation. Low vigour in very small seeds has previously been associated with 
environmental stresses (water, nutrient shortages, temperature and pathogens) 
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experienced during seed filling resulting in reduced seed fill duration (McDonald, 
1999) and/or delays in seed maturation (Delouche, 1980; Copeland and McDonald, 
2001). In canot seed, Austin and Longden (1967) reported that seedling emergence 
from small, immature canot seed was comparatively lower than that produced from 
small, mature seed. Small mature seed could therefore have the potential to perform as 
well as large size seeds. Yet, in this experiment, small size seed consistently 
performed more poorly than did medium or large size seeds. In the field, the 
likelihood of emergence for large size seeds is greatly enhanced because of the ability 
to establish at greater depths (Fenner, 1992). Increased seed size would result in 
greater seed reserves and perhaps provide a greater ability to germinate in semi-
adverse conditions. h1 Brassica spp, it has been reported that seedling establishment, 
growth and yield improved as seed size increased (Elliot and Rakow, 1999). 
Using AA and conductivity tests to evaluate seed quality clearly identified 
small size seeds as having lower vigour than medium/large seeds. These results agree 
with Austin and Longden, (1967); Bunis et al. (1971); Hanumaiah and Andrews, 
(1973) and Dubey et al. (1989) but disagree with Hoy and Gamble, (1985); Egli et al. 
(1990); Wang and Hampton (1989) and Chitra Devi et al. (2003). In Asian kale, there 
was little difference in vigour between medium and large seeds for two of the three 
seed lots. These results in part agree with Lang and Holmes (1964) and Komba 
(2003). Contrasting results may be influenced by factors such as individual seed 
quality and mechanical damage incuned during seed harvesting and/or processing. 
For example, in red clover (Trifolium pratense L.), large size seeds had a higher 
percentage of mechanically damaged seeds, which resulted in lower vigour (Wang 
and Hampton, 1989). Similarly, Komba (2003) implicated mechanical damage as 
being responsible for medium and small size seeds having higher vigour compared 
with large size seeds. 
Small seeds made up between 5 and 21 % of the seed lot proportion by weight, 
depending on seed lot. The vigour test results suggest that removal of these small 
seeds from the seed lot would improve the quality of the seed lot. The question is 




• Seed size influenced pre and post-AA gem1ination and conductivity test 
results in most seed lots. 
• For five of six seed lots large or medium size seeds or both had greater post-
AA gennination compared with small size seeds. 
• Small size seeds had higher conductivity readings compared with medium and 
large size seeds. 
• The effect of seed size on seed quality will vary between species within the 
brassica family and within seed lots of a species. 
CHAPTER 7 
RELATING GERMINATION, ACCELERATED AGEING AND 
CONDUCTIVITY VIGOUR TESTS TO FIELD EMERGENCE. 
7.1 Introduction 
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Seed quality has been defined as a collection of propeliies which are 
considered to be of importance for the value of seed for sowing purposes (Wang and 
Hampton, 1989). The successful perfonnance of a seed lot in the field demands that 
the seeds genninate and establish sufficient plants to maximise yield (Jolmson and 
Wax, 1978). Seed gennination and vigour are measured to provide an indication of 
the future perfonnance of a seed lot; in most cases, perfonnance relates to the ability 
of seeds to genninate and produce a seedling that will emerge from the soil and 
develop into a healthy vigorous plant (Egli and TeKrony, 1995). Therefore, these 
measures of seed quality should be related to field emergence (Kolasinska et ai., 
2000; Vavrina, 2001). 
Various attempts have been made in some Brassica and other crop species to 
categorize factors which affect gennination and emergence. These factors include the 
presence of pathogens (Copeland and McDonald, 2001), physiological and 
biochemical events within the seed (Abdul-Baki and Anderson, 1973; Yaklich et al., 
1979), seed size (Hanumaiah and Andrews, 1973; Stanton, 1984), seed storage 
conditions (Elias and Copeland, 1994) and seed bed conditions (Egli and TeKrony, 
1995; Kolasinska et ai., 2000; Tones et ai., 2004). 
Significant conelations between field emergence and laboratory vigour testing 
have been reported in a number of studies (Yaklich et ai., 1979; Powell and 
Matthews, 1985; Wang and Hampton, 1989; Elias and Copeland, 1997; Kolasinska et 
ai., 2000; Tones et ai., 2004; Lovato et ai., 2005). Nonetheless, these correlations 
have varied greatly in tenns of magnitUde and consistency. Variation has occurred 
among laboratory tests, experiments, sowing dates, locations and seed bed conditions. 
This suggests that no consistent relationship exists (Egli and TeKrony, 1995). Johnson 
and Wax (1978) considered that due to seed lots perfonning differently as the field 
environment changes, it appears impossible to develop a single laboratory test, or 
even a group of tests, that will predict field emergence for the anay of field conditions 
to which seed might be exposed. To be successful, vigour tests must provide the 
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ability to more sensitively differentiate among seed lots (Hampton and Coolbear, 
1990) and provide more infol111ation about the physiological quality of a seed lot 
(Elias and Copeland, 1997) and hence its likely field perfOlmance, than the standard 
gel111ination test. 
Intel11ationally, seed is seldom marketed on the basis of specific vigour test 
results (Dol11bos, 1995a). Instead many countries have legislated minimum 
gelmination standards, either for seed impOlis and/or for seed certification schemes 
(Hampton, 1998). Minimum gel111ination standards for seed offered for sale are in 
effect a pragmatic compromise between the ideal 100% n0l111al gennination and the 
relative difficulties of providing enough seed of adequate quality to satisfy growers' 
demands for planting material (Kelly and George, 1998). However, the gennination 
result often overestimates the actual field emergence of seed lots (Priestly, 1986; 
Copeland and McDonald, 2001) as it is carried out under optimum conditions. These 
conditions do not always exist in the field; hence the standard gennination test may 
fail to provide accurate infonnation regarding seed lot field perfonnance. 
Chapters 3 and 5 of this thesis report experiments with the accelerated ageing 
(AA) test and conductivity test for detennining seed vigour in different Brassica spp. 
The objectives of this experiment were to detennine the relationship between (i) the 
AA tests (41°C/48 h; 41 °C172 h; 42°C124 h; 42°C/48 h); (ii) the conductivity test; (iii) 
standard gennination and field emergence for these Brassica spp. 
7.2. Materials and methods 
7.2.1. Germination and vigour tests 
The gennination (Chapter 3), AA (Chapters 3, 4) and conductivity (Chapter 5) 
results for the seed lots of forage and Asian vegetable brassica spp. were used for 
these field perfOlmance studies. 
7.2.2 TSW 
The TSW of each seed lot was detennined using the method described in 
Chapter 6 (6.2.2). 
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7.2.3. Field emergence trials 
Field emergence trials were undertaken at Lincoln University, New Zealand. 
Four replicates of 100 seeds per seed lot were sown in the field at 3 different dates 
(10/612004, 11/912004 and 10/512005). Late autumn/winter sowings (May, June) were 
used to increase the chance of encountering stress conditions during emergence. The 
soil type was a Wakanui silt loam. One hundred seeds were hand sown into a single 
row (length - 1 metre) at a depth of 1-2 cm in a seed bed prepared by conventional 
tillage practices (mouldboard and disc-harrow). The experimental design was a 
complete randomised block design (Plate 7.1). Seeds were uniformly placed in their 
lines, covered and the soil slightly firmed. Immediately after sowing, the field was 
sprayed with insecticide (Karate Zeon 250 g/litre at the rate of 40 m1 product1700 
lih-es of water per ha) to prevent any soil bome insect pests, slugs, and snails from 
damaging the emerging seedlings. The experimental plot was covered with netting to 
prevent bird damage. A thennometer was inserted into the soil at a depth of 10 cm to 
record soil temperature (read daily at midday). Emergence counting began ten days 
post-sowing. A seedling was counted as emerged when two leaves were clearly 
visible above the soil layer. Counting was continued until there was no further 
increase in seedling number for 3 days. Emergence data were then correlated with 
germination and vigour test results. The mean field emergence (FEM) for each sowing 
date was used as an indicator of the emergence environment (Hegarty, 1977). A field 
emergence index (FEI) was calculated to adjust for differences in average quality 
among tests, using the following fonnu1a: 
FBI = Mean field emergence x 100 
Mean standard gennination 
A field emergence index of 100 ( or above) shows ideal conditions for 
gennination and emergence, while below 100 indicates that the field conditions are 
becoming less than ideal for emergence (Hegarty, 1977). 
The field emergence rate (FER) was calculated to determine the speed at 
which each seed lot emerged. The following formula was used: 
FER = number of seedlings + ............ + ........... " + number of seedlings 
day of 1 st emergence day of final emergence 
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Prediction accuracy, as described by Egli and TeKrony (1995), was used to 
assess the usefulness of laboratory measures of seed quality for predicting the field 
performance of a seed lot. The prediction accuracy is the proportion of the seed lots 
having a defined critical quality level (e.g. SG ~ 75%) that had 75% or greater field 
emergence. For example, ifthere were 18 seed lots with SG ~ 75% in an experiment, 
and 9 of these seed lots had field emergence ~ 75%, the prediction accuracy would be 
50%. 
Plate 7.1. Overview of field trial design. 
7.2.4. Cold room emergence experiment 
Field emergence experiments were supplemented by a cold room emergence 
study. Seeds were sown in a cold room on the 5th of June, 2004 and the experiment 
was arranged as a split-plot design. Seeds were sown in seedling cell trays (4 reps of 
50 seeds/seed lot) filled with a sowing mix, (fine peat, crushed dust sand, fertilizer-
osmocote mini (18:2.6:10), dolomite). One seed was sown in each cell. Trays were 
watered with a fine mist sprinkler. Each tray was covered with a plastic bag to avoid 
drying out before being placed into a cold room (10°C ± 2°C) with alternating light 
and darkness (i.e. 16 h light/8 h darkness). Emergence counting began 10 days post-
sowing. Counting was continued until there was no further increase in seedling 
number for 3 days. Emergence at 10°C was then correlated with the germination and 
vigour test results. Data were analysed using Genstat (Lawes Agricultural Trust, 
2002), a statistical software package. 
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Plate 7.2. Example of high vigour seed lot (left) and low vigour seed lot (right) from 
the cold room (10°C) emergence experiment. 
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7.3. Results 
7.3.1. Standard germination and AA tests 
All eighteen seed lots had a standard germination (SG) above the 
commercially acceptable value (2:. 85%) in New Zealand (Table 7.1). The AA test 
results differed with seed lot and AA test conditions, as reported in Chapter 3 (Table 
7.1). 
Table 7.1. Germination data for standard gennination (SG) and accelerated ageing 
(AA) vigour tests. 
Seed lot Accelerated Ageing (%) 
Forage species SG AAl AA2 AA3 AA4 
1257 94 59 24 81 66 
1247 96 66 28 84 69 
1228 98 96 77 96 73 
1236 95 60 33 79 58 
1218 99 88 79 85 45 
1213 96 89 84 91 70 
1225 98 86 80 95 82 
1210 98 18 9 51 22 
464 96 74 54 94 72 
Asian species 
1328 91 89 75 93 88 
1308 91 69 50 89 76 
1296 93 85 64 73 73 
1271 95 97 83 98 96 
1270 99 99 97 99 99 
1263 99 93 72 95 93 
645 92 91 60 87 78 
641 96 89 33 92 85 
637 98 96 95 95 96 
AAl -41°C/48 h 
AA2 - 41 °Cn2 h 
AA3 - 42°C/24 h 
AA 4 - 42°C/48 h 
There was some variation in results from the three field emergence and cold 
room experiments. Mean emergence among the three sowings and cold room 
experiment varied from 69 to 94% (Table 7.2). The range of emergence among the 
seed lots for the three sowings and cold room experiment was 6 to 100% (Table 7.2). 
Mean soil temperature was 9.2°C for May, 4.4°C for June and 8.7°C for September. 
There was a significant relationship between soil temperature and mean field 
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emergence (r2=0.517, Figure 7.1), FER (r2=0.913, Figure 7.2) and FEI (r2=0.849, 
Figure 7.3). 
Table 7.2. Mean soil temperature, emergence, field emergence index (FEI) and field 
emergence rate (FER) for three field experiments and one cold room experiment. 
Forage sp"ecies Asian sp"ecies 
Mean 10 cm 
Sowing date soil Mean Range Mean Range 
temperature 
(OC) Emergence (%) Emergence (%) 
Cold Room 10.0* 94 82 - 100 92 90 - 97 Experiment 
Field Experiment 
1010612004 4.4 72 16 - 92 64 29 -79 
1110912004 8.7 72 42 - 89 67 55 - 80 
1010512005 9.2 69 6 - 85 79 71 - 87 
Field Experiment FEI FBI 
1010612004 4.4 74 17 - 93 68 29 - 80 
1110912004 8.7 77 44 - 98 70 59 -79 
1010512005 9.2 71 6 - 86 82 76 - 92 
Field Experiment FER FER 
1010612004 4.4 4.6 0.5 - 12.4 3.0 1.3 - 3.7 
11/0912004 8.7 6.1 2.8 - 7.6 5.3 3.8 - 6.7 
1010512005 9.2 6.6 0.4 - 8.2 7.1 5.4 - 8.5 
* cold room temperature measured on 8/0612004 
Mean FEI ranged from 71 to 74 for forage seed lots and from 68 to 82 for 
Asian vegetable seed lots over the three sowing times (Table 7.2). The range of FEI 
for forage seed lots was 6 to 98 and was 29 to 92 for Asian vegetable seed lots (Table 
7.2). Mean FER ranged from 4.6 to 6.6 for forage seed lots and from 3.0 to 7.1 for 
Asian vegetable seed lots (Table 7.2). The range of FER for forage seed lots was 0.4 
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Figure 7.1. Relationship between soil temperature (OC) and field emergence (FEM) 
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Figure 7.2. Relationship between soil temperature (OC) and field emergence rate 
(FER) (means of all seed lots over three sowing times). 
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Figure 7.3. Relationship between soil temperature (0C) and field emergence index 
(FBI) (means of all seed lots over three sowing times). 
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When data for all seed lots were included in the analysis, results from all four 
AA tests were significantly related to FEM, FER and FEI for the third sowing (Table 
7.3), but with one exception, not to FER and FEI for the first two sowings. Only AA3 
(42°CI24 h) results was significantly related to FEM at the first two sowings and also 
to the CE (Table 7.3). 
For forage species, AA results for 41 °C/48 hand 42°C124 h were significantly 
related to FEM (for all sowings), FEI (first and third sowing), FER (second and third 
sowing) and to CE (Table 7.4). AA results for 41°C172 h were only significantly 
related to FEM, FER and FEl for the third sowing (Table 7.4). AA results for 42°C/48 
h were significantly related to FEM, FER and FEl for the first and third sowing (Table 
7.4), but not the second sowing. 
Table 7.3. COlTelation (r2) of standard germination (SG) and accelerated ageing (AA) 
tests with field emergence means (FEM), field emergence rate (FER), field emergence 
index (FEl) and cold room emergence (CE) for all seed lots. 
All seed lots 
Sowing date SG AAI AA2 AA3 AA4 
FEM 
10/612004 0.32 0.44 0.24 0.47* 0.28 
111912004 0.38 0.46 0.26 0.51 * 0.16 
10/512005 0.12 0.87** 0.64** 0.87** 0.70** 
FER 
10/6/2004 0.30 0.25 0.26 0.35 0.18 
11/9/2004 0.50* 0.44 0.27 0.53* 0.18 
10/512005 0.32 0.86** 0.64** 0.87** 0.65** 
FEI 
10/612004 -0.10 0.42 0.21 0.45 0.28 
1119/2004 0.14 0.24 0.00 0.35 0.09 
10/512005 0.00 0.84** 0.59** 0.84** 0.68* 
CE 0.33 0.46 0.30 0.61 ** 0.24 
AAI - 41 °C/48 h **P<O.01 
AA2 _ 41 °C/72 h *P<O.05 
AA3 - 42°C124 h 
AA 4_ 42°C/48 h 
Standard gelmination was not correlated with mean field emergence (FEM) 
when analysing all seed lots (Table 7.3) or forage and Asian seed lots separately 
(Tables 7.4, 7.5). However, standard germination was weakly cOlTelated (r2=0.50) 
with FER for the second sowing for all seed lots (Table 7.3). 
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Table 7.4. Con-elation (r2) of standard gennination (SG) and accelerated ageing (AA) 
tests with field emergence means (FEM), field emergence rate (FER), field emergence 
index (FE!) and cold room emergence (CE) for forage seed lots. 
Sowing date SG 
Forage species 
AAI AA2 AA3 AA4 
FEM 
10/612004 0.31 0.82** 0.54 0.93** 0.89** 
11/912004 0.40 0.77* 0.59 0.73* 0.53 
10/5/2005 0.41 0.92** 0.72* 0.93** 0.78* 
FER 
10/612004 0.50 0.53 0.53 0.62 0.69* 
111912004 0.43 0.80** 0.63 0.79* 0.61 
10/512005 0.46 0.92** 0.74* 0.93** 0.76* 
FEI 
10/612004 0.25 0.79* 0.51 0.91 ** 0.89** 
111912004 -0.01 0.51 0.24 0.56 0.50 
10/5/2005 0.37 0.91** 0.70* 0.93** 0.79* 
CE 0.45 0.80** 0.57 0.69* 0.54 
AAI _ 41 °C/48 h **P<O.Ol 
AA2 - 41 °C172 h *P<O.05 
AA3 _ 42°C124 h 
AA 4_ 42°C/48 h 
Table 7.5. Con-elation (r2) of standard gennination (SG) and accelerated ageing (AA) 
tests with field emergence means (FEM), field emergence rate (FER), field emergence 
index (FEI) and cold room emergence (CE) for Asian vegetable seed lots 
Sowing date SG AAI 
Asian species 
AA2 AA3 AA4 
FEM 
10/612004 -0.23 0.05 -0.07 -0.26 -0.22 
111912004 0.35 0.49 -0.01 0.43 0.30 
10/512005 0.21 0.55 0.30 0.61 0.60 
FER 
10/612004 0.02 0.39 0.09 0.01 0.07 
111912004 0.52 0.62 0.09 0.52 0.46 
10/512005 0.59 0.80** 0.34 0.67* 0.72* 
FEI 
10/612004 -0.26 -0.04 -0.13 -0.21 -0.12 
11/9/2004 0.11 0.33 -0.15 0.32 0.12 
10/512005 -0.22 0.15 0.00 0.28 0.15 
CE 0.25 0.26 0.11 0.83** 0.55 
AAI _ 41 °C/48 h **P<O.Ol 
AA2 - 41 °C/72 h *P<O.05 
AA3 - 42°C/24 h 
AA 4_ 42°C/48 h 
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Table 7.6. Correlation (r2) of standard gern1ination (SG) and accelerated ageing (AA) 
tests with field emergence means (FEM), field emergence rate (FER), field emergence 















Turnip rape hybrid 











AAI _ 41 °C/48 h 
AA2 _ 41 °C/72 h 
AA3 _ 42°C/24 h 























Table 7.7. Correlation (r2) of standard germination (SG) and accelerated ageing (AA) 
tests with field emergence means (FEM), field emergence rate (FER), field emergence 
index (FE!) and cold room emergence (CE) for turnip seed lots. 
Turnip 
Sowing date SG AAI AA2 AA3 AA4 
FEM 
1010612004 0.73 0.98 0.92 0.99* 0.98 
1110912004 0.79 0.99* 0.95 0.99* 0.99* 
10105/2005 0.75 0.98 0.93 0.99* 0.99* 
FER 
1010612004 1.00** 0.86 0.95 0.78 0.86 
1110912004 0.78 0.99* 0.95 1.00** 0.99* 
1010512005 0.74 0.98 0.92 0.99* 0.98 
FEI 
10106/2004 0.71 0.97 0.91 0.99* 0.98 
1110912004 0.76 0.99* 0.94 1.00** 0.99* 
1010512005 0.74 0.98 0.92 0.99* 0.98 
CE 0.93 0.99* 1.00** 0.95 0.98 
AAI - 41 °C/48 h **P<O.Ol 
AA2 - 41 °C172 h *P<O.05 
AA3 - 42°C124 h 
AA 4_ 42°C/48 h 
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Table 7.8. Con-elation (1'2) of standard gennination (SG) and accelerated ageing (AA) 
tests with field emergence means (FEM), field emergence rate (FER), field emergence 
index (FEI) and cold room emergence (CE) for forage rape seed lots. 
Forage rape 
Sowing date SG AAI AA2 AA3 AA4 
FEM 
1010612004 0.99* 0.98 0.93 0.98 0.99* 
1110912004 0.55 0.23 0.05 0.24 0.47 
1010512005 1.00** 0.95 0.88 0.95 0.99* 
FER 
1010612004 0.98 0.85 0.74 0.85 0.96 
11/0912004 0.66 0.36 0.19 0.37 0.59 
1010512005 0.99* 0.90 0.81 0.91 0.98 
FEI 
1010612004 0.99* 0.99* 0.94 0.99* 0.99* 
1110912004 0.96 0.59 0.78 0.73 0.74 
1010512005 1.00** 0.95 0.88 0.95 0.99* 
CE 0.79 0.54 0.38 0.55 0.74 
AAI - 41 0 C/48 h, AA2 - 410C172 h, AA3 - 42°C/24 h, AA4_ 42°C/48 h, 
**P<O.Ol, *P<O.05 
Table 7.9. Con-elation (r2) of standard germination (SG) and accelerated ageing (AA) 
tests with field emergence means (FEM), field emergence rate (FER), field emergence 
index (FEI) and cold room emergence (CE) for Asian rape seed lots. 
Asian rape 
Sowing date SG AAI AA2 AA3 AA4 
FEM 
1010612004 0.04 0.99* 0.98 0.99* 0.99* 
11/0912004 
-0.12 0.95 0.83 0.97 0.87 
10/0512005 
-0.22 0.98 0.89 0.99* 0.92 
FER 
10/0612004 0.01 1.00** 0.97 0.99* 0.98 
11/09/2004 0.01 1.00** 0.97 0.99* 0.98 
10/0512005 
-0.19 0.98 0.90 0.99* 0.93 
FEI 
10106/2004 
-0.08 0.99* 0.94 1.00** 0.96 
11/0912004 
-0.17 0.75 0.56 0.81 0.61 
10105/2005 0.05 0.99* 0.98 0.99* 0.99* 
CE 0.11 0.99* 0.99* 0.98 0.99* 
AAI - 41 °C/48 h **P<O.Ol 
AA2 - 41°C/72 h *P<O.05 
AA3 - 42°C/24 h 
AA4_ 42°C/48 h 
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Table 7.10. COlTelation (r2) of standard gennination (SG) and accelerated ageing 
(AA) tests with field emergence means (FEM) , field emergence rate (FER), field 
emergence index (FEI) and cold room emergence (CE) for Asian kale seed lots. 
Asian kale 
Sowing date SG AAI AA2 AA3 AA4 
FEM 
10106/2004 0.32 0.89 0.76 0.55 -0.09 
1110912004 0.33 0.60 0.79 0.71 0.99* 
1010512005 -0.16 0.99* 0.93 -0.25 0.40 
FER 
1010612004 0.43 -0.12 -0.07 0.98 0.66 
1110912004 0.35 0.80 0.93 0.49 0.92 
1010512005 -0.12 1.00** 0.98 -0.07 0.57 
FEI 
10106/2004 0.25 0.18 0.63 0.68 0.08 
11/09/2004 0.41 0.52 0.73 0.77 1.00** 
1010512005 -0.21 -0.23 -0.07 0.98 0.66 
CE 0.14 -0.23 -0.07 0.98 0.66 
AAl - 41 °C/48 h **P<O.Ol 
AA2 - 41 °C!72 h *P<O.05 
AA3 - 42°C/24 h 
AA4_ 42°C148 h 
Table 7.11. COlTelation (r2) of standard gennination (SG) and accelerated ageing 
(AA) tests with field emergence means (FEM) , field emergence rate (FER), field 
emergence index (FE I) and cold room emergence (CE) for Asian choisum seed lots. 
Asian choisum 
Sowing date SG AAl AA2 AA3 AA4 
FEM 
1010612004 0.54 0.93 0.77 0.66 0.88 
1110912004 0.88 0.77 0.66 0.76 0.99* 
10105/2005 0.37 0.48 0.58 0.50 0.25 
FER 
10106/2004 0.67 0.91 0.87 0.83 0.92 
1110912004 0.86 0.89 0.83 0.90 0.99* 
1010512005 0.44 0.37 0.59 0.58 0.33 
FEI 
1010612004 0.74 0.90 0.91 0.68 0.85 
11/0912004 0.89 0.76 0.64 0.87 0.99* 
1010512005 
-0.19 0.53 0.95 -0.14 0.39 
CE 
-0.24 0.91 0.92 -0.19 0.41 
AAl - 41 °C/48 h **P<O.Ol 
AA2 - 41 °C/72 h *P<O.05 
AA3 - 42°C/24 h AA4_ 42°C/48 h 
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Table 7.12. Con-elation (r2) of standard gennination (SG) and accelerated ageing 
(AA) tests with field emergence means (FEM), field emergence rate (FER), field 
emergence index (FEI) and cold room emergence (CE) for tumip rape hybrids 
(Experiment 3, Chapter 4). 
Accelerated ageing (41 °C/72 71) 
Without seed surface sterilisation Seed surface sterilisaton 
FEM 
10/0612004 0.68 0.72 
1110912004 0.13 0.74 
10/05/2005 0.86 0.99* 
FER 
10/0612004 0.72 0.49 
1110912004 0.05 0.74 
10/0512005 0.79 0.81 
FEI 
10/0612004 0.71 0.73 
1110912004 -0.09 0.59 
10/0512005 0.90 0.97 
CE 0.81 1.00** 
Standard gennination and AA results for 41°C172 h were not related to any 
field perfonnance parameters for Asian species (Table 7.5), and the other three AA 
methods were also not related to FEI or FEM. For the third sowing, the AA 41 °C/48 
h, 42°C124 hand 42°C/48 h treatments were significantly con-elated with FER, and 
42°C124 h was also related to CE (Table 7.5). 
Data for individual species did not present clear con-elations between the 
suggested appropriate AA tests (Chapter 3) and field emergence (Tables 7.6-7.11). In 
tumip rape hybrid, there were no significant con-elations between the suggested AA 
test (4PC172 h) (ISTA, 2005a) and emergence (Table 7.6). However, there were 
significant con-elations between 42°C/ 48 hand FEM, FER for the second sowing 
(Table 7.6). In tumip there was one significant con-elation between the suggested AA 
test (41 °C172 h) and CE (Table 7.7). There were significant con-elations between 
41°C/48 hand FEM, FER, FEI for the second sowing and CE; 42°C/24 hand FEM, 
FEI for all sowings and FER for the second and third sowing; 42°C/48 hand FEM for 
the second and third sowing, FER and FEI for the second sowing (Table 7.7). In 
forage rape, there was one significant con-elation between the suggested 41°C/48 h 
AA test ,and FEI for the first sowing; and 42°C124 hand FEI for the first sowing 
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(Table 7.8). There were significant con'elations between 42°C/48 hand FEM and FBI 
for the first and third sowing; but not the second sowing (Table 7.8). 
In Asian rape, there were no significant correlations between the standard 
gennination test, the suggested AA test (41 °C172 h) (1ST A, 200Sa) and field 
emergence (Table 7.9). There were significant correlations between the 41°C/48 hand 
FEM, FEI for the first sowing and CE; 42°C124 and FEM, FEI for the first and third 
sowing and FER for all sowings; and 42°C/48 hand FEM for the first sowing, FEI for 
the third sowing and CE (Table 7.9). In Asian kale there were significant correlations 
between the suggested AA test (41°C/48 h) and FEM, FER for the third sowing; and 
42°C/48 hand FEM, FBI for the second sowing (Table 7.10). In choisum there were 
significant correlations between 42°CI 48 hand FEM, FER and FEI for the second 
sowing (Table 7.11). There were no significant correlations between the suggested 
AA test (41 °C172 h) and emergence (Table 7.11). 
For experiment 3 (Chapter 4) the relationships between field perfonnance 
parameters tended to be stronger (though not always) for surface sterilised seeds in the 
AA test than non-surface sterilised seeds (Table 7.12). 
7.3.2. Conductivity test 
(i) All seed lots 
Using the conductivity test (pre/post-SMC adjustment) to predict seed lot 
vigour resulted in higher correlation coefficients with FEM, FER and FBI for all seed 
lots compared with the standard gennination test (Tables 7.13, 7.14), the exception 
being for FER at the first sowing (Table 7.13). Prior to SMC adjustment (a11 seed 
lots), 16 h provided the highest correlations for FEM for the second (r2= -0.S7) and 
third (r2= -0.89) sowing; for FER for the second (l= -0.S6) and third (r2= -0.88) 
sowing; for FBI for the third (r2= -0.84) sowing and for CE (Table 7.13). 
Adjusting the SMC to 8.S% for all seed lots resulted in significant correlations 
with a11 emergence parameters, except FER at the first sowing for a11 conductivity test 
times (Table 7.14). Mostly, but not always, the relationship between conductivity test 
results and emergence parameters was stronger than those when SMC had not been 
adjusted (Tables 7.13 cf. 7.14). 
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Table 7.13. COlTelation (r2) of standard gennination (SG) and conductivity times (4, 
8, 12, 16,20,24 h) with field emergence means (FEM), field emergence rate (FER), 
field emergence index (FE I) and cold room emergence (CE) for all seed lots (original 
SMC). 
All seed lots 
Mean conductivity time (hours) 
Sowing SG 4 8 12 16 20 24 date 
FEM 
10/6/2004 0.32 -0.76** -0.40 -0.31 -0.48* -0.45 -0.41 
1119/2004 0.38 -0.38 -0.49* -0.40 -0.57** -0.51 * -0.47* 
10/5/2005 0.12 -0.68** -0.77** -0.66** -0.89** -0.82** -0.82** 
FER 
10/6/2004 0.30 -0.40 -0.19 -0.22 -0.25 -0.15 -0.18 
111912004 0.50* -0.39 -0.47* -0.35 -0.56* -0.46 -0.41 
10/512005 0.32 -0.67** -0.74** -0.62** -0.88** -0.79** -0.77** 
FEI 
10/6/2004 -0.10 -0.73** -0.38 -0.30 -0.45 -0.43 -0.41 
1119/2004 0.14 -0.45 -0.40 -0.36 -0.37 -0.43 -0.34 
10/5/2005 0.00 -0.66** -0.74** -0.63** -0.84** -0.79** -0.81** 
CE 0.33 -0.55* -0.61 ** -0.61** -0.63** -0.60** -0.54* 
**P<O.Ol 
*P<O.05 
Table 7.14. COlTelation (r2) of standard gennination (SG) and conductivity times (4, 
8, 12, 16, 20, 24 h) with field emergence means (FEM), field emergence rate (FER), 
field emergence index (FEI) and cold room emergence (CE) for all seed lots (SMC -
8.5%). 
All seed lots 
Conductivity time (hours) 
Sowing date SG 4 8 12 16 20 24 
FEM 
1010612004 0.32 -0.69** -0.70** -0.70** -0.72** -0.71** -0.70** 
11/0912004 0.38 -0.55* -0.59** -0.58* -0.59** -0.60** -0.60** 
1010512005 0.12 -0.93** -0.95** -0.95** -0.96** -0.97** -0.96** 
FER 
10106/2004 0.30 -0.28 -0.29 -0.28 -0.30 -0.31 -0.30 
11/09/2004 0.50* -0.48* -0.53* -0.52* -0.53* -0.54* -0.53* 
10105/2005 0.32 -0.82** -0.86** -0.87** -0.88** -0.88** -0.88** 
FEI 
10106/2004 -0.10 -0.71 ** -0.71 ** -0.71 ** -0.72** -0.72** -0.71** 
11/0912004 0.14 -0.54* -0.53* -0.53* -0.54* -0.55* -0.55* 
10105/2005 0.00 -0.95** -0.97** -0.96** -0.97** -0.98** -0.97** 




(ii) Forage seed lots 
Prior to SMC adjustment, there were significant cOlTelations between the 
conductivity tests (4-24 h) and most sowings for FEM and FE!, and also for CE in 
forage seed lots (Table 7.15). There were significant cOlTelations between the 
conductivity tests (8, 16, 20, 24 h) and the second and third sowing for FER (Table 
7.15). COlTelation coefficients ranged from -0.67 to -0.98 for FEM, -0.74 to -0.98 for 
FER, and -0.66 to -0.92 for FEI. 
Adjusting the SMC to 8.5% resulted in stronger cOlTelations for the all 
conductivity test times and all three sowings with FEM and FEI for forage seed lots, 
and with FER for the last two sowings (Table 7.16). For FER for the first sowing and 
CE, the relationships were weaker then for when SMC was not adjusted prior to 
sowing (Table 7.15 cf. Table 7.16). 
Table 7.15. COlTelation (r2) of standard gennination (SG) and conductivity times (4, 
8, 12, 16, 20, 24 h) with field emergence means (FEM), field emergence rate (FER), 
field emergence index (FEI) and cold room emergence (CE) for forage seed lots 
(original SMC). 
Forage species 
Mean conductivity time (hours) 
Sowing date SG 4 8 12 16 20 24 
FEM 
10106/2004 0.31 -0.87** -0.88** -0.67* -0.93** -0.86** -0.82** 
11109/2004 0040 -0.48 -0.77* -0.59 -0.90** -0.80** -0.82** 
10105/2005 0041 -0.71* -0.87** -0.66* -0.98** -0.87** -0.89** 
FER 
1010612004 0.50 -0040 -0.47 -0.47 -0.53 -0040 -0.50 
1110912004 0043 -0048 -0.74* -0.54 -0.91 ** -0.76* -0.80** 
10105/2005 0046 -0.69 -0.85** -0.63 -0.98** -0.84** -0.88** 
FEI 
1010612004 0.25 -0.86** -0.87** -0.66* -0.92** -0.85** -0.81** 
11/0912004 -0.01 -0.60 -0.71 * -0.62 -0.66* -0.77* -0.68* 
10105/2005 0.37 -0.72* -0.87** -0.66* -0.80** -0.87** -0.89** 




Table 7.16. COlTelation (r2) of standard gennination (SG) and conductivity times (4, 
8, 12, 16, 20,24 h) with field emergence means (FEM), field emergence rate (FER), 
field emergence index (FEI) and cold room emergence (CE) for forage seed lots 
(SMC - 8.5%). 
Forage sEecies 
Conductivity time (hours) 
Sowing date SG 4 8 12 16 20 24 
FEM 
10106/2004 0.31 -0.93** -0.94** -0.95** -0.95** -0.95** -0.95** 
11/0912004 0.40 -0.86** -0.86** -0.88** -0.88** -0.88** -0.88** 
10105/2005 0.41 -0.96** -0.97** -0.97** -0.97** -0.98** -0.98** 
FER 
1010612004 0.50 -0.41 -0.43 -0.43 -0.43 -0.44 -0.43 
11/09/2004 0.43 -0.85** -0.86** -0.87** -0.88** -0.88** -0.88** 
1010512005 0.46 -0.93** -0.95** -0.95** 0.95** -0.96** -0.95** 
FEI 
10106/2004 0.25 -0.93** -0.94** -0.95** -0.95** -0.95** -0.95** 
11/09/2004 -0.01 -0.81** -0.77* -0.80** -0.80** -0.80** -0.81** 
10105/2005 0.37 -0.97** -0.98** -0.98** -0.98** -0.99** -0.98** 
CE 0.45 -0.84** -0.82** -0.82** -0.82** -0.81 ** -0.82** 
**P<O.Ol 
*P<O.05 
(iii) Asian vegetable seed lots 
Prior to SMC adjustment, cOlTelations coefficients with FEM, FER and FEI 
varied for conductivity soaking time in Asian vegetable seed lots (Table 7.17). 
Measuring conductivity at 4 h, provided the strongest cOlTelation coefficient (r2= -
0.84), but this was only for the third sowing. There was no significant cOlTelation for 
any soaking time and all three sowings, but 4 and 16 h soakings were significantly 
cOlTelated with FEM for the third sowing (Table 7.17). Measuring conductivity at 20 
h provided the strongest cOlTelation coefficient (r2= -0.78, -0.75), followed by 16 h 
(r2= -0.76) for FER for the third sowing. There were no significant cOlTelations for 
any soaking time and all three sowings, but 4, 16 and 24 h soaking time were 
significantly cOlTelated with FER for the second and third sowing (Table 7.17). There 
was no significant cOlTelation for any soaking time and all three sowings for FE!. 
There were significant correlations between 12, 16 and 24 h soak times and CE, but 
none for 4, 8 and 20 h (Table 7.17). 
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Table 7.17. Conelation (r2) of standard gem1ination (SG) and conductivity times (4, 
8, 12, 16,20,24 h) with field emergence means (FEM), field emergence rate (FER), 
field emergence index (FEI) and cold room emergence (CE) for Asian seed lots 
(original SMC). 
Asian sp"ecies 
Mean conductivity time (hours) 
Sowing date SG 4 8 12 16 20 24 
FEM 
1010612004 -0.23 -0.53 -0.12 -0.11 -0.06 -0.09 -0.20 
11/09/2004 0.35 -0.15 -0.48 -0.44 -0.56 -0.64 -0.57 
1010512005 0.21 -0.84** -0.42 -0.65 -0.74* -0.62 -0.63 
FER 
1010612004 0.02 -0.63 "0.06 -0.08 -0.34 -0.40 -0.40 
11/0912004 0.52 -0.25 -0.56 -0.52 -0.65 -0.75* -0.63 
1010512005 0.59 -0.67* -0.48 -0.60 -0.76* -0.78* -0.64 
FEI 
10106/2004 -0.26 -0.45 -0.20 -0.17 -0.03 -0.02 -0.13 
11/0912004 0.11 -0.04 -0.34 -0.33 -0.42 -0.47 -0.48 
1010512005 -0.22 -0.62 -0.20 -0.33 -0.35 -0.32 -0.53 
CE 0.25 -0.43 -0.49 -0.66* -0.73* -0.62 -0.71* 
**P<O.Ol 
*P<O.05 
Adjusting the SMC to 8.5% for Asian vegetable seed lots resulted in 
significant conelations with FEM for the third sowing and 16, 20 and 24 h soak times 
(Table 7.18). Conductivity testing at 16 and 20 h provided the highest significant 
conelation coefficient (r2= -0.79) for the third sowing. Significant conelation 
coefficients between conductivity testing and FEM ranged from -0.76 to -0.79. There 
were no significant conelations between conductivity testing and the first and second 
sowing (FEM) in Asian vegetable species (Table 7.18). There were no significant 
conelations between the conductivity test and FER (Table 7.18). Significant 
con'elations existed between conductivity test times (8, 16, 20, 24 h) and FEI for the 
third sowing (Table 7.18) with correlation coefficients ranging from -0.68 to -0.85. 
There were no significant conelations for conductivity testing and FEI for the first or 
second sowing (Table 7.18). There were no significant conelations between 
conductivity test times and CE (Table 7.18). 
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Table 7.18. Conelation (r2) of standard gennination (SG) and conductivity times (4, 
8, 12, 16, 20, 24 h) with field emergence means (FEM), field emergence rate (FER), 
field emergence index (FEI) and cold room emergence (CE) for Asian seed lots (SMC 
- 8.5%). 
Asian sp"ecies 
Conductivity time (hours) 
Sowing date SG 4 8 12 16 20 24 
FEM 
1010612004 -0.23 -0.28 -0.35 -0.44 -0.58 -0.54 -0.54 
1110912004 0.35 -0.17 -0.07 -0.01 -0.07 -0.07 -0.02 
10105/2005 0.21 -0.43 -0.54 -0.63 -0.79* -0.79* -0.76* 
FER 
1010612004 0.02 -0.04 -0.20 -0.31 -0.48 -0.46 -0.43 
11/0912004 0.52 -0.24 -0.01 -0.01 -0.05 -0.04 -0.03 
1010512005 0.59 -0.07 -0.11 -0.22 -0.35 -0.35 -0.31 
FEI 
1010612004 -0.26 -0.35 -0.39 -0.45 -0.59 -0.56 -0.57 
1110912004 0.11 -0.07 -0.17 -0.03 -0.13 -0.13 -0.08 
1010512005 -0.22 -0.58 -0.68* -0.65 -0.85** -0.83** -0.82** 
CE 0.25 -0.35 -0.59 -0.35 ~0.60 -0.61 -0.58 
**P<O.Ol 
*P<O.05 
(iv) Individual species 
When analysing individual species separately, there were too few seed lots to 
realistically look at relationships, but some trends were detected. Prior to SMC 
adjustment in tumip rape hybrid, there was one significant conelation between the 24 
h conductivity test time and FEM for the second sowing, but none for the other 
conductivity test times (Table 7.19). There were significant conelations (r2=-0.99) 
between the conductivity test times (4, 8 h) and FER for the first and third sowing 
(Table 7.19). Using the conductivity test in this species did not provide better 
infonnation than the standard gel111ination test. 
However, adjusting the SMC to 8.5% in tumip rape hybrid, resulted in 
significant cOlTelations between the conductivity test times (4, 8, 12 h) and FEM, FER 
for the first and second sowing (Table 7.20). There were no significant conelations 
between conductivity test times, FEI and CE (Table 7.20). 
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Table 7.19. COlTe1ation (r2) of standard gennination (SG) and conductivity times (4, 
8, 12, 16, 20, 24 h) with field emergence means (FEM), field emergence rate (FER), 
field emergence index (FEI) and cold room emergence (CE) for tumip rape hybrid 
seed lots (original SMC). 
Turnip rape hybrid 
Mean conductivity time (hours) 
Sowing date SG 4 8 12 16 20 24 
FEM 
1010612004 0.89 -0.98 0.89 -0.40 -0.68 -0.02 -0.54 
11/09/2004 0.74 -0.22 -0.77 -0.69 -0.94 -0.92 -0.99* 
1010512005 0.99* -0.89 -0.98 -0.14 -0.85 -0.25 -0.74 
FER 
1010612004 0.79 -0.99* -0.76 -0.59 0.50 -0.24 -0.34 
11/0912004 0.69 -0.14 -0.72 -0.74 -0.91 -0.94 -0.97 
1010512005 0.99* -0.84 -0.99* -0.03 -0.91 -0.36 -0.81 
FEI 
1010612004 0.94 -0.97 -0.92 -0.32 -0.74 -0.07 -0.60 
1110912004 0.59 -0.02 -0.62 -0.83 -0.85 -0.98 -0.93 
1010512005 0.97 -0.94 -0.95 -0.24 -0.80 -0.16 -0.67 
CE 0.99* -0.86 -0.99* -0.06 -0.89 -0.32 -0.79 
**P<O.Ol, *P<O.05 
Table 7.20. COlTelation (r2) of standard gennination (SG) and conductivity times (4, 
8, 12, 16, 20,24 h) with field emergence means (FEM), field emergence rate (FER), 
field emergence index (FEI) and cold room emergence (CE) for tumip rape hybrid 
seed lots (SMC - 8.5%). 
Turnip rape hybrid 
Mean conductivity time (hours) 
Sowing date SG 4 8 12 16 20 24 
FEM 
10106/2004 0.89 -0.41 -0.46 -0.99* -0.95 -0.93 -0.86 
11/09/2004 0.74 -1.00** -0.99* -0.26 -0.07 -0.03 -0.81 
1010512005 0.99* -0.64 -0.68 -0.92 -0.83 -0.80 -0.97 
FER 
10106/2004 0.79 -0.20 -0.25 -0.99* -0.99* -0.99* -0.72 
1110912004 0.69 -0.99* -0.99* -0.20 -0.01 -0.04 -0.76 
10105/2005 0.99* -0.72 -0.76 -0.86 -0.76 -0.73 -0.99* 
FEI 
10106/2004 0.94 -0.48 -0.53 -0.98 -0.92 -0.90 -0.90 
11/0912004 0.59 -0.97 -0.96 -0.04 -0.14 -0.20 -0.66 
10105/2005 0.97 -0.56 -0.61 -0.95 -0.88 -0.86 -0.94 
CE 0.99* -0.70 -0.74 -0.88 -0.78 -0.76 -0.98 
**P<O.Ol, *P<O.05 
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Prior to SMC adjustment in tumip, there were significant cOlTelations between 
the conductivity test times (4, 16 h) and FEM, FEI for all sowings, and FER for the 
second and third sowing (Table 7.21). There were significant cOlTelations between 8, 
20 and 24 h soaking and CE. Using the conductivity test at 4 and 16 h provided more 
infonnation the standard gennination test for FEM, FER and FEI. 
Adjusting the SMC to 8.5% in tumip resulted in significant cOlTelations 
between all conductivity test times (4-24 h) and FEM, FEI for all sowings, FER for 
the second and third sowing, but none for CE (Table 7.22). Using the conductivity test 
provided more infom1ation than the standard gem1ination test for FEM, FEl and FER. 
Table 7.21. COlTelation (r2) of standard gennination (SG) and conductivity times (4, 
8, 12, 16, 20, 24 h) with field emergence means (FEM), field emergence rate (FER), 
field emergence index (FEI) and cold room emergence (CE) for turnip seed lots 
(original SMC). 
Turnip 
Mean conductivity time (hours) 
Sowing date SG 4 8 12 16 20 24 
FEM 
10106/2004 0.73 -0.99* -0.92 -0.57 -0.99* -0.93 -0.91 
1110912004 0.79 -1.00** -0.95 -0.65 -0.99* -0.96 -0.94 
1010512005 0.75 -0.99* -0.93 -0.59 -0.99* -0.94 -0.92 
FER 
1010612004 1.00** -0.81 -0.95 -0.98 -0.83 -0.94 -0.95 
1110912004 0.78 -0.99* -0.95 -0.64 -0.99* -0.95 -0.94 
1010512005 0.74 -0.99* -0.92 -0.59 -0.99* -0.93 -0.91 
FEI 
10106/2004 0.71 -0.99* -0.91 -0.55 -0.99* -0.92 -0.90 
11/0912004 0.76 -0.99* -0.94 -0.61 -0.99* -0.94 -0.93 
1010512005 0.74 -0.99* -0.92 -0.58 -0.99* -0.93 -0.91 




Table 7.22. Correlation (r2) of standard gem1ination (SG) and conductivity times (4, 
8, 12, 16, 20, 24 h) with field emergence means (FEM), field emergence rate (FER), 
field emergence index (FBI) and cold room emergence (CE) for tumip seed lots (SMC 
- 8.5%). 
Turnip 
Mean conductivity time (hours) 
Sowing date SG 4 8 12 16 20 24 
FEM 
10106/2004 0.73 -0.99* -1.00** -1.00** -1.00** -1.00** -1.00** 
1110912004 0.79 -0.99* -0.99* -0.99* -0.99* -0.99* -0.99* 
10105/2005 0.75 -1.00** -1.00** -1.00** -0.99* -0.99* -0.99* 
FER 
10106/2004 1.00** -0.77 -0.74 -0.74 -0.73 -0.73 -0.73 
11/0912004 0.78 -0.99* -0.99* -0.99* -0.99* -0.99* -0.99* 
10105/2005 0.74 -0.99* -1.00** -1.00** -1.00** -1.00** -1.00** 
FEI 
10106/2004 0.71 -0.99* -1.00** -1.00** -1.00** -1.00** -1.00** 
1110912004 0.76 -1.00** -0.99* -0.99* -0.99* -0.99* -0.99* 
1010512005 0.74 -0.99* -1.00** -1.00** -1.00** -1.00** -1.00** 
CE 0.93 -0.95 -0.93 -0.93 -0.93 -0.93 -0.93 
**P<O.Ol 
*P<O.05 
Prior to SMC adjustment in forage rape there were significant correlations 
between the conductivity test times (8, 16 h) and FEM for the first and third sowing, 
FER for the third sowing and FEI for the first and third sowing (Table 7.23), but these 
relationships were no better than those provided by the standard germination test. 
Adjusting the SMC to 8.5% resulted in significant cOlTelations between the 
conductivity test times (12, 24 h) and FEM, FEI for the first sowing (Table 7.24). 
There were no significant correlations between the conductivity test and FER and CE 
(Table 7.24). The conductivity test did not provide more information than the standard 
gennination test and was not useful for this species. 
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Table 7.23. Con-elation (r2) of standard ge1111ination (SG) and conductivity times (4, 
8, 12, 16, 20, 24 h) with field emergence means (FEM), field emergence rate (FER), 
field emergence index (FEI) and cold room emergence (CE) for forage rape seed lots 
(original SMC). 
Forage rape 
Mean conductivity time (hours) 
Sowing date SG 4 8 12 16 20 24 
FEM 
1010612004 0.99* -0.66 -0.99* -0.76 -0.99* -0.95 -0.86 
11/0912004 0.55 -0.41 -0.32 -0.28 -0.50 -0.11 -0.11 
1010512005 1.00** -0.57 -0.98 -0.67 -1.00** -0.91 -0.79 
FER 
1010612004 0.98 -0.35 -0.90 -0.48 -0.97 -0.78 -0.62 
11/0912004 0.66 -0.28 -0.45 -0.15 -0.62 -0.24 -0.03 
10105/2005 0.99* -0.46 -0.94 -0.57 -0.99* -0.84 -0.71 
FEI 
1010612004 0.99* -0.68 -0.99* -0.77 -0.99* -0.96 -0.87 
11/0912004 0.96 -0.30 -0.87 -0.43 -0.95 -0.74 -0.58 
10105/2005 1.00** -0.56 -0.97 -0.67 -1.00** -0.90 -0.79 
CE 0.79 -0.08 -0.62 -0.06 -0.76 -0.43 -0.22 
**P<O.Ol, *P<O.05 
Table 7.24. Con-elation (r2) of standard gennination (SG) and conductivity times (4, 
8, 12, 16,20,24 h) with field emergence means (FEM), field emergence rate (FER), 
field emergence index (FEI) and cold room emergence (CE) for forage rape seed lots 
(SMC - 8.S%). 
Forage rape 
Mean conductivity time (hours) 
Sowing date SG 4 8 12 16 20 24 
FEM 
1010612004 0.99* -0.9S -0.98 -0.99* -0.97 -0.97 -0.99* 
11/09/2004 0.S5 -0.10 -0.21 -0.30 -0.18 -0.18 -0.27 
1010S1200S 1.00** -0.90 -0.94 -0.97 -0.93 -0.93 -0.96 
FER 
1010612004 0.98 -0.77 -0.84 -0.89 -0.82 -0.82 -0.87 
1110912004 0.66 -0.23 -0.34 -0.43 -0.31 -0.32 -0.40 
101051200S 0.99* -0.84 -0.89 -0.93 -0.88 -0.88 -0.92 
FEI 
10106/2004 0.99* -0.9S -0.98 -0.99* -0.97 -0.98 -0.99* 
11/09/2004 0.96 -0.74 -0.81 -0.86 -0.79 -0.79 -0.84 
101051200S 1.00** -0.90 -0.94 -0.97 -0.93 -0.93 -0.96 
CE 0.79 -0.42 -0.S2 -0.60 -0.49 -0.50 -0.58 
**P<O.Ol, *P<O.05 
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Prior to SMC adjustment in Asian rape, there were significant correlations 
only between the conductivity test time (4 h) and FEM for the first sowing, and with 
FEI for the third sowing (Table 7.2S). The conductivity test at 4 h provided more 
vigour infon11ation than the standard gelmin~tion test for FEM, FEI and CE, but not 
FER. 
Adjusting the SMC to 8.S% resulted in significant cOlTelations between the 
conductivity test times (8, 16 h) and FEM, FEI for the first sowing and FER for all 
sowings (Table 7.26). There was a significant con"elation between 12 h soaking and 
FEM for the first sowing, FER for the first and second sowing, FEI for the first and 
third sowing and CE (Table 7.26). There were significant correlations between 20 and 
24 h soaking and FEM for the second and third sowing; 20 h soaking and FER for the 
third sowing and FEI for the first sowing (Table 7.26).The conductivity test at 8, 12, 
16, 20 and 24 h provided more infon11ation than the standard gennination test for all 
field emergence parameters. 
Table 7.25. Correlation (r2) of standard gennination (SG) and conductivity times (4, 
8, 12, 16, 20, 24 h) with field emergence means (FEM), field emergence rate (FER), 
field emergence index (FEI) and cold room emergence (CE) for Asian rape seed lots 
(original SMC). 
Asian rape 
Mean conductivity time (hours) 
Sowing date SG 4 8 12 16 20 24 
FEM 
10106/2004 0.04 -0.99* -0.16 -0.82 -0.92 -0.66 -0.63 
1110912004 -0.12 -0.87 -0.21 -0.S6 -0.71 -0.35 -0.30 
1010S12005 -0.22 -0.92 -0.11 -0.64 -0.78 -0.44 -0.40 
FER 
1010612004 0.01 -0.98 -0.12 -0.80 -0.90 -0.63 -0.60 
11/0912004 0.01 -0.98 -0.12 -0.80 -0.90 -0.63 -0.60 
1010S1200S -0.19 -0.93 -0.08 -0.67 -0.80 -0.47 -0.43 
FEI 
10106/2004 -0.08 -0.97 -0.04 -0.75 -0.86 -0.57 -0.S3 
1110912004 -0.17 -0.62 -0.S7 -0.20 -0.39 -0.04 -0.08 
101051200S O.OS -0.99* -0.17 -0.83 -0.92 -0.67 -0.64 
CE 0.11 -0.99* -0.22 -0.86 -0.94 -0.71 -0.68 
**P<O.Ol, *P<O.05 
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Table 7.26. COlTelation (r2) of standard gem1ination (SG) and conductivity times (4, 
8, 12, 16, 20, 24 h) with field emergence means (FEM), field emergence rate (FER), 
field emergence index (FEI) and cold room emergence (CE) for Asian rape seed lots 
(SMC - 8.5%). 
Asian rape 
Mean conductivity time (hours) 
Sowing date SG 4 8 12 16 20 24 
FEM 
1010612004 0.04 -0.83 -0.99* -1.00** -0.99* -0.96 -0.92 
1110912004 -0.12 -0.98 -0.98 -0.94 -0.98 -0.99* -0.99* 
1010512005 -0.22 -0.95 -0.99* -0.97 -0.99* -1.00** -0.99* 
FER 
1010612004 0.01 -0.86 -0.99* -1.00** -0.99* -0.97 -0.93 
11/09/2004 0.01 -0.86 -0.99* -1.00** -0.99* -0.97 -0.93 
10105/2005 -0.19 -0.94 -0.99* -0.98 -1.00** -1.00** -0.98 
FEI 
10106/2004 -0.08 -0.89 -0.99* -0.99* -0.99* -0.99* -0.96 
1110912004 -0.17 -0.98 -0.83 -0.73 -0.83 -0.89 -0.94 
1010512005 0.05 -0.83 -0.99* -1.00** -0.98 -0.96 -0.91 
CE 0.11 -0.80 -0.97 -1.00** -0.97 -0.94 -0.89 
**P<O.Ol 
*P<O.05 
Prior to SMC adjustment in Asian kale, there were significant correlations 
between 8 h soaking and FEM and FEI for the third sowing; 20 h soaking and FER 
for the third sowing; and 24 hand FEI for the third sowing (Table 7.27). Adjusting the 
SMC to 8.5% resulted in fewer significant cOlTelations between conductivity test 
times and field emergence parameters. There was a significant cOlTelation between 12 
h soaking FEM and FER for the third sowing (Table 7.28). For the first and second 
sowing, the modified conductivity test did not provide more information than the 
standard germination test for this species. 
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Table 7.27. Con-elation (r2) of standard gennination (SG) and conductivity times (4, 
8, 12, 16, 20, 24 h) with field emergence means (FEM), field emergence rate (FER), 
field emergence index (FEl) and cold room emergence (CE) for Asian kale seed lots 
(original SMC). 
Asian kale 
Mean conductivity time (hours) 
Sowing date SG 4 8 12 16 20 24 
FEM 
1010612004 0.32 -0.96 -0.63 -0.34 -0.36 -0.80 -0.48 
11/0912004 0.33 -0.74 -0.24 -0.10 -0.07 -0.46 -0.06 
1010512005 -0.16 -0.82 -1.00** -0.95 -0.96 -0.97 -0.99 
FER 
10106/2004 0.43 -0.91 -0.54 -0.23 -0.25 -0.72 -0.37 
1110912004 0.35 -0.02 -0.53 -0.78 -0.77 -0.32 -0.68 
1010512005 -0.12 -0.94 -0.97 -0.84 -0.85 -1.00** -0.91 
FEI 
1010612004 0.25 -0.97 -0.68 -0.40 -0.43 -0.84 -0.54 
11/09/2004 0.41 -0.61 -0.07 -0.27 -0.24 -0.30 -0.12 
1010512005 -0.21 -0.76 -0.99* -0.98 -0.98 -0.94 -0.99* 
CE 0.14 -0.02 -0.53 -0.78 -0.77 -0.32 -0.68 
**P<O.Ol, *P<O.05 
Table 7.28. Con-elation (r2) of standard gelmination (SG) and conductivity times (4, 
8, 12, 16, 20, 24 h) with field emergence means (FEM), field emergence rate (FER), 
field emergence index (FEl) and cold room emergence (CE) for Asian kale seed lots 
(SMC - 8.5%). 
Asian kale 
Mean conductivity time (hours) 
Sowing date SG 4 8 12 16 20 24 
FEM 
1010612004 0.32 -0.14 -0.01 -0.68 -0.33 -0.32 -0.22 
1110912004 0.33 -0.30 -0.44 -0.31 -0.11 -0.12 -0.21 
10105/2005 -0.16 -0.87 -0.79 -0.99* -0.95 -0.95 -0.91 
FER 
1010612004 0.43 -0.02 -0.12 -0.60 -0.21 -0.20 -0.11 
11/0912004 0.35 -0.89 -0.95 -0.47 -0.79 -0.80 -0.85 
1010512005 -0.12 -0.71 -0.59 -0.99* -0.83 -0.82 -0.76 
FEI 
1010612004 0.25 -0.21 -0.06 -0.73 -0.39 -0.38 -0.29 
11/0912004 0.41 -0.46 -0.58 0.14 -0.28 -0.29 -0.38 
1010512005 -0.21 -0.91 -0.84 -0.98 -0.97 -0.97 -0.95 
CE 0.14 -0.89 -0.95 -0.47 -0.79 -0.80 -0.85 
**P<O.Ol, *P<O.05 
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Prior to SMC adjustment in Asian choisum, there were significant con-elations 
between 24 h soaking and FER for the first sowing and FEI for the first sowing; 20 h 
soaking and FEI for the third sowing and CE; and 8 h soaking and FEl for the third 
sowing and CE (Table 7.29). The conductivity test provided more infonnation than 
the standard gennination test for FEI and FER, but not for FEM. 
Adjusting the SMC to 8.5% resulted in more significant correlations between 
conductivity test times and FEI and CE (Table 7.30). There were significant 
correlations between 8 h soaking and FEM, FEI for the first sowing; 4, 12, 16 and 20 
h soaking and FEl for the third sowing and CE (Table 7_30). The conductivity test at 
4, 8, 12, 16 and 20 h provided more infonnation than the standard gennination test for 
FEI and CE; but not FER and FEM. 
Table 7.29. Correlation (1'2) of standard gennination (SG) and conductivity times (4, 
8, 12, 16, 20, 24 h) with field emergence means (FEM) , field emergence rate (FER), 
field emergence index (FEl) and cold room emergence (CE) forAsian choisum seed 
lots (original SMC). 
Asian choisum 
Mean conductivity time (hours) 
Sowing date SG 4 8 12 16 20 24 
FEM 
1010612004 0.54 -0.25 -0.92 -0.63 -0.55 -0.80 -0.96 
11/09/2004 . 0_88 -0.76 -0.53 -0.08 -0.02 -0.32 -0.95 
10105/2005 0.37 -0.82 -0.70 -0.95 -0.98 -0.84 -0.07 
FER 
1010612004 0.67 -0.46 -0.81 -0.45 -0.36 -0.65 -0.99* 
1110912004 0.86 -0.67 -0.63 -0.21 -0.11 -0.44 -0.98 
10105/2005 0.44 -0.86 -0.64 -0.92 -0.96 -0.80 0.01 
FEI 
1010612004 0.74 -0.44 -0.82 -0.46 -0.37 -0.66 -0.99* 
11109/2004 0.89 -0.79 -0.49 -0.03 -0.07 -0.27 -0.94 
10105/2005 
-0.19 -0.28 -0.99* -0.94 -0.90 -1.00** -0.67 
CE 




Table 7.30. Conelation (r2) of standard gennination (SG) and conductivity times (4, 
8, 12, 16, 20, 24 h) with field emergence means (FEM), field emergence rate (FER), 
field emergence index (FEl) and cold room emergence (CE) for Asian choisum seed 
lots (SMC - 8.5%). 
Asian choisum 
Mean conductivity time (hours) 
Sowing SG 4 8 12 16 20 24 date 
FEM 
10/0612004 0.54 -0.91 -0.99* -0.90 -0.85 -0.90 -0.74 
1110912004 0.88 -0.52 -0.84 -0.49 -0.40 -0.48 -0.23 
10/0512005 0.37 -0.71 -0.33 -0.73 -0.80 -0.74 -0.89 
FER 
10/0612004 0.67 -0.80 -0.98 -0.78 -0.71 -0.78 -0.58 
11109/2004 0.86 -0.62 -0.90 -0.60 -0.51 -0.59 -0.35 
10/05/2005 0.44 -0.65 -0.25 -0.67 -0.75 -0.68 -0.85 
FEI 
10/06/2004 0.74 -0.81 -0.99* -0.79 -0.73 -0.79 -0.59 
11109/2004 0.89 -0.48 -0.81 -0.45 -0.35 -0.44 -0.18 
10/0512005 -0.19 -0.99* -0.84 -0.99* -1.00** -0.99* -0.98 
CE -0.24 -0.99* -0.87 -0.99* -0.99* -1.00** -0.97 
**P<O.Ol 
*P<O.05 
7.3.3. Thousand Seed Weight (TSW) 
The TSW for forage seed lots ranged from 2.05 to 3.85 g (Appendix 5a) and 
from 1.8 to 6.01g for Asian vegetable seed lots (Appendix 5b) depending on species. 
There were no significant conelations between TSW, CE and FEM for forage seed 
lots (Table 7.31). There were significant conelations between TSW, FEM (r2= -0.67; 
second sowing), and FER (r2= -0.78; second sowing) for Asian vegetable seed lots. 
There was a significant conelation for forage rape between TSW and FEM (for the 
first and third sowing); FER (r2=0.99; third sowing) and FEl for the first and third 
sowing (Table 7.32). There was a significant relationship for Asian rape between 
FEM for the second and third sowing; and FER for the third sowing (Table 7.33). 
There were no significant conelations between TSW and FEM for turnip rape hybrid, 
turnip, Asian kale and choisum (Tables 7.32, 7.33). 
There were significant conelations between TSW, AA at 42°C/24 (r2= -0.76) 
and AA at 42°C/48 h (r2= -0.75) in Asian seed lots (Tables 7.34). However, a stronger 
conelation between the standard ge1111ination test and TSW existed (r2= -0.80). There 
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was a significant relationship between TSW and AA at 42°C124 h for turnip rape 
hybrid (r2= -0.99; Table 7.35), TSW and AA at 42°C/48 h (r2= -0.99); and TSW and 
conductivity at 16 h for forage rapy (original SMC; r2= -0.99; Table 7.37); TSW and 
24 h for Asian rape (adjusted SMC; r2= -0.99; Table 7.38); TSW and standard 
gel111ination (/= -0.99), and AA at 42°C124 h (r2= -1.00) and 42°C/48 h (r2= -0.99; 
Table 7.40); but none for turnip and Asian kale (Tables 7.36, 7.39). 
Table 7.31. Relationship between TSW and field emergence means (FEM), field 
emergence rate (FER), field emergence index (FBI) and cold room emergence (CE) 
for forage, Asian vegetable and all seed lots combined. 
Sowing date All seed lots Forage species Asian species 
FEM TSW 
1010612004 0.32 0.41 0.42 
1110912004 -0.27 0.29 -0.67* 
1010512005 0.07 0.27 -0.34 
FER 
10/0612004 -0.12 -0.18 -0.02 
1110912004 -0.40 0.19 -0.78* 
10/0512005 -0.15 0.24 -0.73 
FEI 
1010612004 0.39 0.42 0.50 
1110912004 -0.09 0.51 -0.51 
1010512005 0.18 0.28 0.11 
CE -0.11 0.57 -0.58 
**P<O.Ol, *P<O.05 
Table 7.32. Relationship between TSW and field emergence means (FEM), field 
emergence rate (FER), field emergence index (FBI) and cold room emergence (CE) 
for individual forage species. **P<O.Ol, *P<O.05 
Sowing date Turnip rape hybrid Turnip Forage rape 
FEM TSW 
10/06/2004 0.59 -0.53 0.99* 
11109/2004 0.51 -0.45 0.55 
10/05/2005 -0.36 -0.51 1** 
FER 
10106/2004 0.76 0.18 0.98 
11/09/2004 0.58 -0.46 0.66 
10/05/2005 -0.25 -0.52 0.99* 
FEI 
10106/2004 0.53 -0.55 0.99* 
1110912004 0.68 -0.49 -0.97 
10/0512005 -0.45 -0.53 1** 
CE -0.29 -0.19 0.79 
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Table 7.33. Relationship between TSW and field emergence means (FEM), field 
emergence rate (FER), field emergence index (FEI) and cold room emergence (CE) 
for individual Asian species. 
Sowing date Asian rape Asian kale Ch a is u 711 
FEM TSW 
1010612004 0.93 0.69 0.62 
11/0912004 0.99* -0.94 0.96 
1010512005 0.99* -0.15 -0.51 
FER 
10106/2004 0.95 0.77 0.78 
11/09/2004 0.95 -0.90 0.91 
10105/200S 0.99* 0.12 -0.58 
FEI 
1010612004 0.97 0.64 0.77 
1110912004 0.93 -0.98 0.97 
1010512005 0.93 -0.24 0.13 
CE 0.90 -0.90 0.18 
**P<O.Ol 
*P<O.05 
Table 7.34. Relationship between TSW and vigour tests for Asian seed lots. 
Conductivity Conductivity 
TSW Original SMC TSW SMC - 8.5% TSW 
Hours Hours 
AAl 
-0.64 4 0.17 4 -0.39 
AA2 
-0.30 8 0.47 8 -0.22 
AA3 -0.76* 12 0.52 12 -0.25 
AA4 
-0.75* 16 0.60 16 -0.16 
SG -0.80** 20 0.66 20 -0.14 
24 0.45 24 -0.18 
**P<O.Ol AAI - 41 °C/48 h 
*P<O.05 AA2 - 41°C172 h 
SG - standard germination (%) AA3 - 42°C124 h 
AA 4 - 42°C/48 h 
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Table 7.35. Relationship between TSW and vigour tests for tumip rape hybrid. 
Conductivity Conductivity 
TSW Original SMC TSW SMC - 8.5% TSW 
Hours Hours 
AAI 
-0.86 4 -0.73 4 0.49 
AA2 
-0.89 8 0.15 8 0.44 
AA3 -0.99* 12 -0.98 12 -0.70 
AA4 
-0.52 16 -0.18 16 -0.82 
SG -0.20 20 -0.81 20 -0.84 
24 -0.36 24 -0.10 
**P<O.Ol AAI - 41°C/48 h 
*P<O.05 AA2 - 41°C172 h 
SG - standard gennination (%) AA3 - 42°C/24 h 
AA 4 - 42°C/48 h 
Table 7.36. Relationship between TSW and vigour tests for tumip. 
Conductivity Conductivity 
TSW Original SMC TSW SMC - 8.5% TSW 
Hours Hours 
AAI 
-0.35 4 0.43 4 0.49 
AA2 
-0.15 8 0.15 8 0.53 
AA3 -0.48 12 -0.39 12 0.54 
AA4 
-0.36 16 0.41 16 0.55 
SG 0.19 20 0.17 20 0.54 
24 0.13 24 0.55 
**P<O.Ol AAI -41°C/48 h 
*P<O.05 AA2 - 41 °C/72 h 
SG - standard gennination (%) AA3 - 42°C/24 h 
AA4 - 42°C/48 h 
Table 7.37. Relationship between TSW and vigour tests for forage rape. 
Conductivity Conductivity 
TSW Original SMC TSW SMC - 8.5% TSW 
Hours Hours 
AAI 0.94 4 -0.54 4 -0.89 
AA2 0.87 8 -0.97 8 -0.93 
AA3 0.95 12 -0.65 12 -0.97 
AA4 0.99* 16 -0.99* 16 -0.92 
SG 1.00** 20 -0.89 20 -0.92 
24 -0.77 24 -0.96 
**P<O.Ol AAI-41°C/48 h 
*P<O.05 AA2 - 41°C172 h 
SG - standard germination (%) AA3 - 42°C/24 h 
AA 4 - 42°C/48 h 
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Table 7.38. Relationship between TSW and vigour tests for Asian rape. 
Conductivity Conductivity 
TSW Original SMC TSW SMC - 8.5% TSW 
Hours Hours 
AAI 0.95 4 -0.87 4 -0.98 
AA2 0.83 8 0.21 8 -0.98 
AA3 0.97 12 -0.56 12 -0.94 
AA4 0.87 16 -0.71 16 -0.98 
SG 
-0.33 20 -0.35 20 -0.96 
24 -0.30 24 -0.99* 
**P<O.Ol AAI -41°C/48 h 
*P<O.05 AA2 - 410C/72 h 
SG - standard gem1ination (%) AA3 - 42°C/24 h 
AA4 - 42°C/48 h 
Table 7.39. Relationship between TSW and vigour tests for Asian kale. 
Conductivity Conductivity 
TSW Original SMC TSW SMC - 8.5% TSW 
Hours Hours 
AAI 0.70 4 -0.45 4 0.62 
AA2 0.49 8 0.12 8 0.73 
AA3 
-0.81 12 0.44 12 0.05 
AA4 
-0.27 16 0.42 16 0.46 
SG 0.90 20 -0.12 20 0.47 
24 0.30 24 0.55 
HP<O.Ol AAI -41°C/48 h 
*P<O.05 AA2 - 41°C172 h 
SG - standard gennination (%) AA3 _ 42°C/24 h, AA 4 - 42°C/48 h 
Table 7.40. Relationship between TSW and vigour tests for choisum. 
Conductivity Conductivity 
TSW Original SMC TSW SMC - 8.5% TSW 
Hours Hours 
AAI 
-0.57 4 -0.16 4 -0.30 
AA2 
-0.43 8 -0.02 8 -0.23 
AA3 
-1 ** 12 -0.04 12 -0.25 
AA4 
-0.96 16 0.09 16 -0.23 
SG 
-0.99* 20 -0.06 20 -0.21 
24 -0.06 24 -0.22 
**P<O.Ol AAI -410C/48 h 
*P<O.05 AA2 - 410C172 h 
SG - standard gennination (%) AA3 _ 42°C/24 h, AA 4 - 42°C/48 h 
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7.3.4. Prediction Accuracy 
Prediction accuracy was variable among the standard gem1ination and vigour 
tests (Table 7.41). The present study used a critical SG level of 75%, as this is the 
minimum SG acceptable for most Brassica seed as regulated by the European 
Community (Barbara Brunton, pers comm:, 2005). In the first and second sowing, the 
prediction accuracy for standard gelmination was only 39% compared with 61 % for 
the third sowing. Prediction accuracy for AA at 41°Cl48 h was 58% for the first and 
second sowing and 92% for the third sowing. Prediction accuracy for AA at 41°C172 h 
was 88% for the first and second sowing and 138% for the third sowing. Prediction 
accuracy for AA at 42°C124 h was 44% for the first and second sowing and 69% for 
the third sowing. Prediction accuracy for AA at 42°C/48 h was 78% for the first and 
second sowing and 122% for the third sowing. Such a high figure was obtained 
between the third sowing and 41°C172 hand 42°C/48 h because the number of seed 
lots that had a FEM >75% outnumbered the number of seeds lots with a post-AA 
germination >75%. 
Table 7.41. Prediction accuracy between standard gennination (SG), vigour tests, 
cold room emergence (CE) and mean field emergence at three different sowing times. 
Sowing date Vigour 
SG AAf AA2 AA3 AA4 
CE 100 150 225 112 200 
1010612004 39 58 88 44 78 
11109/2004 39 58 88 44 78 
10105/2005 61 92 138 69 122 
7.4. Discussion 
7.4.1. AA tests 
The con-elation analysis demonstrated significant relationships (Table 7.3) 
between AA testing and field emergence parameters (FEM, FEI and FER). These 
relationships varied depending on whether all seed lots, forage seed lots, Asian seed 
lots or individual species had been analysed separately. Differences in significant 
cOlTelations among forage, Asian vegetable seed lots and individual species, suggest a 
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strong species influence on the overall perfonnance of the seed lots. Similarly, Komba 
(2003) observed a strong cultivar influence on the overall perfonnance oflcale seed. 
When analysing all seed lots together, there were seventeen significant 
cOlTelations between vigour tests and emergence, compared with just one between the 
standard gennination test and emergence (Table 7.3). When analysing forage seed lots 
separately, much stronger relationships between vigour tests and emergence were 
obtained from AA than standard gennination tests (Table 7.4). When analysing Asian 
vegetable seed lots, there were four significant cOlTelations between vigour tests and 
emergence, but none between the standard germination test and emergence. Similarly, 
Komba (2003) observed that vigour was a better predictor of emergence than the 
standard gennination test for high genninating kale seed. Elias and Copeland (1997) 
observed that standard gennination and AA (42°C/48 h) tests were significantly 
cOlTelated with field emergence in rape. Kuklik and Yaklich (1982) and Egli and 
TeKrony (1995) and TOlTes et al. (2004) observed that standard gennination and AA 
tests were significantly cOlTelated with field emergence in soybean. Similarly, Wang 
and Hampton (1989) observed that AA tests were more closely related to field 
emergence than standard gennination, and were good predictors of plant population in 
red clover. 
However, when data from the individual speCIes were cOlTelated, the 
relationship between AA vigour tests and emergence were not as strong, probably 
because there were insufficient seed lots. Hence, fmiher investigation is required. In 
tumip rape hybrid, AA testing at 42°C/48 h gave a better relationship with FEM (for 
the second sowing) than the standard gemlination test; yet over all AA tests did not 
provide better infonnation than the standard gennination test in this species. In tumip, 
all AA tests results resulted in a stronger relationship with FEM, FER and FEI 
(second and third sowing) than the standard gennination test, but interestingly the 
CUlTent recommendation (41 °C172 h) was not as strongly related to field emergence as 
the other three methods. In forage rape, AA tests did not improve on the infOlmation 
already provided by the standard gennination test and were not useful for this species. 
In Asian rape, AA tests provided better infonnation than the standard gelmination test 
for all three parameters and of the four methods, 41°C/48 hand 42°C124 h had 
stronger relationships. In Asian kale, AA testing at 41°C/48 hand 41 °C/72 h provided 
better information than the standard gennination test for FEM for all three sowings. In 
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Asian choisum, AA testing at 41°C/48 h or 41°C172 h mostly provided stronger 
relationships for field emergence parameters than the standard gennination test. 
AA testing appeared to be more useful in predicting perfonnance for forage 
seed lots (Table 7.4) than Asian vegetable seed lots (Table 7.5). A possible 
explanation for this is that Asian vegetable seed lots used may have been, by chance, 
of naturally higher vigour than the forage seed lots. 
For experiment 3 (Chapter 4), in tumip rape hybrid, there was an indication 
that surface sterilising seeds prior to AA testing provided a stronger relationship with 
field perfonnance than not surface sterilising seeds. Further experiments regarding 
surface sterilisation in Brassica spp. need to be conducted. 
7.4.2. Conductivity testing 
The correlation analysis demonstrated significant relationships between 
conductivity testing (pre/post-SMC adjustment) and emergence (FEM, FEI, FER and 
CE) parameters (Tables 7.12-7.29). Similarly, Elias and Copeland (1997) observed 
that conductivity testing was significantly correlated with field emergence in rape. 
Significant correlations have been observed between conductivity and field 
emergence in soybean (Yaklich et al., 1979), peas (Powell, 1988) and in bean 
(Kolasinska et al., 2000) under different soil types, temperatures and dates of 
planting. Suryatmana et al. (1980) reported that under stress conditions, the 
conductivity test gave the best single estimate of field emergence for navy bean. 
However, Wang and Hampton (1989) found that conductivity tests were not 
significantly correlated with field emergence in red clover. In this study, relationships 
between conductivity testing and field emergence experiments varied in significance 
depending on whether all seed lots, forage or Asian seed lots had been analysed 
separately. 
In general, conductivity testing resulted in stronger correlation coefficients (1'2) 
with emergence parameters than the standard gennination test (Tables 7.12-7.29). 
Likewise, Wagner et al. (2004) observed that conductivity testing could classify rape 
seed lots better than the standard gennination test. Wang et al. (2004) observed that 
the conductivity test provided a better estimate of field emergence than the standard 
gennination test for purple vetch and alfalfa. 
In forage species, adjusting the SMC to 8.5% resulted in higher and more 
consistent correlations than those where SMC had not been adjusted (Table 7.13). 
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However, in Asian vegetable seed lots, adjusting the SMC to 8.5% resulted in little 
difference in con'elations between conductivity and emergence, than for those where 
SMC had not been adjusted (Tables 7.16, 7.17). Adjusting the SMC to 8.5% reduced 
the effect of imbibition damage (as discussed in Chapter 5) on conductivity results in 
forage species. Hence, this may have provided a more accurate estimate of vigour, 
resulting in stronger cOlTelations betweeil conductivity testing and field emergence 
studies. 
When analysing the individual species separately, there were fewer significant 
correlations between the conductivity test times and emergence (Table 7.18-7.30). 
Adjusting the SMC to 8.5% in tumip rape hybrid, tumip, Asian rape and choisum 
resulted in more significant cOlTelations compared with those whose SMC had not 
been adjusted. However, adjusting the SMC to 8.5% in Asian kale and forage rape, 
resulted in fewer significant cOlTelations compared with those whose SMC had not 
been adjusted. In Asian kale and forage rape, adjusting the SMC may have resulted in 
seed damage. 
For all seed lots, there were significant cOlTelations between measurmg 
conductivity at 16 h and emergence pre-SMC adjustment (Table 7.13). Adjusting the 
SMC to 8.5% resulted in stronger cOlTelations between measuring conductivity at the 
original seed moisture content and emergence parameters (Table 7.14). In forage seed 
lots, measuring conductivity at the original SMC at 16 h, provided the strongest 
cOlTelation coefficients for FEM (r2= -0.98), FER (r2= -0.98) for the third sowing and 
FER (r2= -0.92) for the first sowing (Table 7.15). Adjusting the forage seed lots' SMC 
resulted in little difference in conductivity results (4-24 h) and sowing times for all 
seed lots (Table 7.16). In Asian vegetable seed lots, measuring conductivity at 16 h, 
provided the strongest cOlTelation coefficients (r2) for FEM (-0.74; third sowing). 
Measuring conductivity at 20 h, provided stronger cOlTelation coefficients for FER· 
(1'2= -0.78; third sowing) (Table 7.17). Adjusting the Asian vegetable seed lots' SMC 
resulted in little difference in conductivity results between 16, 20 and 24 h (Table 
7.18) and the first and second field emergence sowing date. At 16, 20 and 24 h, 
cOlTelation coefficients ranged from -0.54 to -0.85. 
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7.4.3 TSW 
Thousand seed weight was significantly cOlTelated with FEM and FER for the 
second sowing in Asian vegetable seed lots but not forage seed lots (Table 7.31). 
Similarly, when analysing both forage and Asian vegetable seed lots together, there 
were no correlations between TSW and vigour tests (Appendix 5d). There were 
cOlTelations between TSW and emergence parameters for forage rape and Asian rape; 
but not tUl11ip, tUl11ip rape hybrid, Asian kale or Asian choisum (Tables 7.32, 7.33). 
There were cOlTelations between TSW and some vigour tests for Asian vegetable 
species (Table 7.34), but not forage species (Appendix 5e). There were cOlTelations 
between TSW and some vigour tests for forage rape, Asian rape and Asian choisum; 
but not tUl11ip, tUl11ip rape hybrid and Asian kale (Tables 7.35-7.40). There have been 
no previous studies regarding seed weight and emergence in Brassica spp. However, 
many authors have cOlTelated seed weight with seed vigour in a number of species 
(McDonald, 1999). The general hypothesis is that reduced seed size is a cause of low 
seed vigour. However, no consistent relationship has been demonstrated between 
vigour and TSW (Hampton et at., 2005). 
7.4.4. Variation in field emergence experiments and correlation coefficients 
Mean emergence, FEI and FER all varied among sowing dates (Table 7.2). 
The highest mean FEI obtained was 77 for forage seed lots and 82 for Asian vegetable 
seed lots (Table 7.2) but the range was 44-98 and 76-92, respectively. Such variation 
may have been caused by diverse seed bed conditions, predominantly soil 
temperature. Field emergence index was less than 100 for all sowing dates (Table 7.2) 
suggesting that seedbed conditions were not ideal for emergence. Similarly, there was 
a significant relationship between mean soil temperature and FEM, FEI and FER 
(Figures 7.1-7.3, Table 7.2). Mean soil temperature for the initial sowing was only 
4.4°C, compared to 8.7 and 9.2°C for the second and third sowing. These results 
agree with Kolasinska et at. (2000) who observed that soil temperature was an 
important factor influencing field emergence in bean seeds. 
A wide range in prediction accuracy and cOlTelations between conductivity 
test results and actual field emergence among three different sowing times also 
implied variability in seedbed conditions and seed vigour. Prediction accuracy ranged 
from 39 to 138% for standard gelmination and vigour testing but was always higher 
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for AA testing than gennination. All AA,tests were able to predict to a level above 
75% for the cold room emergence (Table 7.41). AA testing at 41°C172 hand 42°C/48 
h was able to predict to a level above 75% for all three sowings. AA testing at 
41°C/48 hand 42coC/24 h for the third sowing was able to predict to a level above 
75% and 69%, respectively (Table 7.41). 
Variations in correlation coefficients between vigour tests and field emergence 
studies were apparent among the three sowing dates (Tables 7.3-7.11). Variations in 
correlation coefficients between vigour tests, years and planting dates have previously 
been repOlied (Edje and Bun'is, 1971; TeKrony and Egli, 1977; Johnson and Wax, 
1978; Yaklich et aI., 1979; Kulik and Yaklich, 1982; Powell and Matthews, 1985; 
Wang and Hampton, 1989). Variation in results among sowings in this study agrees 
with Johnson and Wax (1978) and Powell (1988) who stated that emergence is 
dependant on seedbed conditions and seed quality. Egli and TeKrony (1995) stated 
that even the best soybean seed lots will not perfonn satisfactorily if planted in 
poor/adverse seedbed conditions. Similarly, Burris (1976), Powell and Matthews 
(1985) and Powell (1988) stated that it is difficult and unrealistic to expect a constant 
relationship between laboratory test results and field perfonnance due to variability in 
field conditions, location and sowing times. Torres et al. (2004) stated that the ability 
of laboratory tests to estimate the potential of seedling emergence decreases as 
environmental conditions become less adequate. 
7.4.5. Vigour ranking and variation in correlation coefficients 
Using the standard gelmination and cold room test did not separate seed lots 
which were of different vigour. All seed lots had a standard gemlination above 90% 
(Table 7.1, Appendix 5c) and therefore, gmmination could not accurately predict 
potential seed perfonnance in the field. However, AA tests and conductivity tests 
demonstrated vigour differences among seed lots (Appendix 5c). Gennination 
percentage varied from 9 to 99% for all AA treatments, whilst emergence ranged from 
6 to 92% for field studies (Appendix 5c). These results strongly support the 
hypothesis that vigour testing is a more accurate and appropriate method to predict 
field emergence and assess seed quality than the standard gennination test. However, 
since no single test is yet available which measures all aspects of vigour (e.g., 
physiological, biochemical and mechanical), more than one test may need to be used 
to assess the quality ofa seed lot (Elias & Copeland, 1997). 
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7.5. Conclusions 
• The AA and conductivity VIgOur tests often provided a better 
estimation of field perfOlmance than the standard gelmination test. 
• AA tests could not improve on information provided by the standard 
ge1111ination test in forage rape and tU111ip rape hybrid. 
• 41°C/48 h and/or 42°C/24 h and/or 42°C/48 h could be recommended 
to be used as an AA test for tU111ip and Asian rape. 
• 41 °C/48 h and/or 41°C/72 h could be recommended to be used as an 
AA test for Asian kale and choisum. 
• Surface sterilisation of seeds prior to AA testing to remove fungal 
contaminants may allow a better relationship with field performance, 
but further investigation is required. 
• There were strong cOlTelations between AA tests and FEM, FEI and 
FER in forage but not Asian vegetable species. 
• There were significant cOlTelations between conductivity testing and 
FEM, FEI and FER in forage and Asian vegetable species. 
• Conductivity testing at 16 h can be used to predict the field emergence 
potential of forage and Asian vegetable seed lots. 
• There was only a weak cOlTelation between TSW and FEM and FER in 
Asian and no cOlTelation in forage species. 
• Test prediction accuracy was constantly higher for AA then standard 
gennination. 
& Soil temperature was an important factor which influenced variation in 
cOlTelation coefficients between vigour tests and field emergence. 
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CHAPTERS 
GENERAL DISCUSSION AND CONCLUSIONS 
Seed vIgour IS now accepted as an important seed quality component 
(Hampton, 1999), but vigour testing on a regular basis is carried out for only a few 
species (Hampton, 1991). The slow uptake of vigour testing is a result of a lack of 
suitable vigour tests for many species, limitations of many current testing methods 
and reluctance in the market place to utilise vigour information (Hampton and 
Coobear, 1990; Hampton and Hill, 1990). The purpose of this study was to investigate 
various vigour tests (i.e. AA testing, AA testing using saturated salts as an ageing 
solution and conductivity testing) in a number of Brassica species. In addition, the 
effect of size grading on vigour tests and the relationship between laboratory vigour 
tests and field emergence was evaluated. 
S.l. Temperature and time for AA testing in Brassica spp. 
Results from this study indicate that AA testing at 41°C/72 h was 
recommended for most Brassica spp, except for Asian kale and forage rape, where 
41°C/48 h was the best AA test. The 41°C/48 hand 41°C172 h test combination was 
selected because 41°C is already the temperature recommended for Brassica napus 
(Hampton and TeKrony, 1995), and is the temperature used in the 1STA Rules for the 
AA test (1ST A, 2005). The time/temperature relationship selected for Asian rape, 
choisum, turnip and tumip rape hybrid agrees with that suggested for Brassica napus 
(Hampton and TeKrony, 1995). However, for Asian kale and forage rape, the selected 
AA test in part agrees with that suggested for Brassica napus (Hampton and TeKrony, 
1995). Such findings suggest possible genetic differences among Brassica spp., which 
suggests the need for further examination of AA temperature/time combinations in all 
Brassica spp. 
S.2. Reducing fungal contamination during the AA test for Brassica spp. 
Lowering the relative humidity (RH) in the AA test (41 °C172 h) by 
substituting saturated salt solutions (NaCl, KCl and NaBr) for deionised water (DW) 
resulted in no fungal growth during the AA test. However, saturated salts cannot be 
used in the current AA test for Brassica spp. as no ageing/vigour separation occurred 
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due to low levels of moisture uptake and resulting in insufficient stress. Increasing the 
ageing duration from 72 to 96 h resulted in differences in gelmination during AA 
testing (when using saturated salts as an ageing solution) at 41, 42 and 45°C, but still 
did not provide the stress required to sepatate seed lots by vigour. These results do not 
agree with other studies perfonned in impatiens (Jianhua and McDonald, 1997), canot 
(Rodo et al., 2000), tomato (Panobianco and Marcos-Filho, 2001), onion (Rodo and 
Marcos-Filho, 2003) and salad rocket seeds (Ramos et al., 2004). Sterilising the seeds 
prior to the AA test resulted in a significantly lower incidence of contaminant fungi 
and hence, a lower percentage of abnOlmal seedlings, thus improving gennination. 
Surface sterilisation could be incorporated into AA testing in Brassica spp. Further 
investigations into the use of surface sterilisation prior to AA testing in Brassica spp. 
should be conducted. 
8.3. Conductivity testing in Brassica spp. 
The conductivity test could identify vigour differences among seed lots of all 
Brassica species, except for tUl1lip rape hybrid. Initial SMC had a direct effect on the 
amount of electrolyte leakage measured in the conductivity test. Adjusting the SMC to 
8.5% in most cases resulted in reduced imbibition damage and as a result, lowered 
conductivity readings and reduced variation among replicates. Sixteen hours was the 
optimum time for measuring conductivity in tUl1lip rape hybrid, Asian kale, Asian 
rape and choisum, but not tumip or forage rape because this was the time to reach 
95% maximum of the curve. This result would therefore agree with Mirdad et al. 
(2004) in cauliflower and cabbage and Wagner et al. (2004) in rape. Radicle 
emergence occuned between 16 and 24 h soaking in the conductivity test (pre and 
post-SMC adjustment). Similarly, conelations existed between conductivity and 
radicle emergence when analysing all species, forage, Asian vegetable and individual 
forage species separately, but not for individual Asian vegetable species. Using the 
conductivity test is a more practical method of vigour testing than the AA test. These 
results agree with previous studies in canola (Elias and Copeland, 1994, 1997), 
Brussels sprouts (Thol1lton et al., 1990) and mustard (Dubey et al., 1989; Venna et 
al., 2001; Chitra Devi et al., 2003). Laboratories around the world should test the 
same seed lots to provide data sets from which allowable variation in results can be 
calculated in order to construct a tolerance table. Before the conductivity test could be 
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considered as a vigour test for Brassica spp. by ISTA, tolerance tables would have to 
be provided. 
8.4. Size grading and vigour 
Pre-AA ge1111ination varied with seed size for forage rape and Asian kale seed 
lots, with the exception of seed lot 1784. For most of the seed lots, large size seeds 
had higher pre-AA ge1111iriation compared with medium and small seeds. However, 
for forage rape seed lot 331 and Asian kale seed lot 1706, medium size seeds had 
higher pre-AA germination than large and small seeds. These results generally agree 
with a previous study in mustard (Chitra Devi et at., 2003). 
Seed size had a significant effect on post-AA germination in both forage rape 
and Asian kale. In forage rape, large size seeds generally had higher post-AA 
gennination cf. medium cf. small size seeds (Figure 6.2, (i)). In Asian kale, in two 
seed lots, large size seeds had higher post-AA germination compared with small 
seeds. These results agree in part with previous research in carrot (Austin and 
Longden, 1967), cabbage (Hanumaiah and Andrews, 1973) and mustard (Dubey et aI., 
1989; Chitra Devi et at., 2003). 
Seed size affected mean conductivity in both forage and Asian kale seed lots. 
The exception was seed lot 1706, where there was little difference between large and 
medium seeds. Small size seeds may have been adversely positioned on the mother 
plant, resulting in low seed vigour. Small size seeds also have a greater surface area 
per unit weight than large seeds which may result in seeds having a greater rate of 
imbibition. This may have resulted in greater imbibition damage, resulting in 
increased electrical conductivity compared with medium/large seeds. 
Differences in seed vigour between seed sizes may be related to seed maturity, 
genetic composition, environmental conditions (pre and post-harvest), plant density, 
physical/mechanical damage and membrane degradation. In this experiment small and 
medium size seeds represented 43% of the total weight for forage rape and 64% for 
Asian kale. Hence seed lot composition was a governing the effect of seed size on 
seed quality. 
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8.5. Relationship between laboratory tests and field emergence 
The correlation analysis demonstrated significant relationships between AA 
testing and field emergence parameters. These relationships varied depending on 
whether all seed lots, forage, Asian vegetable or individual species were analysed 
separately. Differences in significant cOlTe1ations suggest a strong species influence 
on the overall performance of the seed lots. Analysing all seed lots, forage and Asian 
vegetable species separately resulted in higher and more frequent cOlTe1ations 
between the AA test and field emergence than the standard germination test. Similarly 
(Komba, 2003) observed that vigour was a better predictor of emergence than the 
standard germination test for high germinating kale seed. Data for individual species 
did not present clear cOlTe1ations between the suggested appropriate AA tests (Chapter 
3) and field emergence (Tables 7.6-7.11). Having only three seed lots per species was 
evidently not enough. Further work is required. 
The cOlTe1ation analysis demonstrated significant relationships between 
conductivity testing (pre/post-SMC adjustment) and field emergence parameters. 
These results would agree with previous work in rape (Elias and Copeland, 1997), 
soybean (Yaklich et ai., 1979), bean (Ko1asinska et ai., 2000) and in peas (Powell, 
1988). In general, conductivity testing resulted in stronger significant relationships 
with field emergence parameters than the standard germination test. This would agree 
with previous work in rape (Wagner et ai., 2004). In all seed lots and forage species, 
adjusting the SMC to 8.5% resulted in higher and more consistent cOlTe1ations than 
those where SMC had not been adjusted. However, adjusting the SMC in Asian 
vegetable species resulted in little difference in cOlTe1ations between conductivity and 
field emergence parameters. When analysing the individual species separately, there 
were fewer significant cOlTe1ations between the conductivity test times and 
emergence. Adjusting the SMC to 8.5% reduced the effect of imbibition damage on 
conductivity results in forage species, thus resulting in a more accurate estimate of 
vigour. For all seed lots, there were significant cOlTe1ations between measuring 
conductivity at 16 h and emergence pre-SMC adjustment. 
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8.6. General conclusions 
The following conclusions wer~made from this research: 
1. Using saturated salts in the AA test prevented the growth and 
multiplication of fungi due to lowered humidity. 
2. Saturated salts cannot be used in the current AA test for Brassica spp. 
because seed moisture did not increase sufficiently in the duration of the 
test. 
3. Surface sterilising seed greatly reduced fungal growth and improved 
gelmination by reducing the incidence of abnormal seedlings. 
4. The conductivity test could identify vigour differences among brassica 
seed lots as well as, and in some cases better, than AA testing. 
5. Conductivity testing at 16 h can be used to indicate the field emergence 
potential of forage and Asian vegetable seed lots. 
6. Adjusting the SMC to 8.5% reduced replicate variability among seed lots 
and appeared to reduce imbibition damage. 
7. Seed size within a seed lot influenced pre and post-AA germination and 
conductivity test results in most seed lots assessed. 
8. When analysing individual species separately, suggested AA vigour tests 
did not necessarily result in significant correlation with field emergence. 
9. The AA and conductivity vigour tests often provided a better estimation of 
field perfOlmance than the standard germination test for three field 
sowmgs. 
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8.7. Recommendations for future research 
1. Due to variation among Brassica spp., variables for AA testing should be 
fmiher examined using more seed lots of each species, and related to 
field emergence. 
2. Fmiher research into surface sterilising seed prior to the AA test needs to 
be conducted using more species and seed lots. 
3. Laboratories around the world need to test the same seed lots in the 
conductivity test in order to provide data sets from which allowable 
variation in results could be calculated (ISTA, 2005). 
4. Fmiher studies into the effect of seed size on seed vigour need to be 
conducted. 
5. Fmiher studies between laboratory tests and emergence studies needs to 
be investigated using more seed lots per species. 
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APPENDIX 1 
(a) Gennination percentage (%) and back transfonned data (Bk Trans) for pre and 
post-AA treatments in forage brassica spp (Chapter 3). 
Pre AA treatment Post AA treatment 
Spp Seed lot SG BT AAI BT AA2 BT AA3 BT AA4 BT 
Tumip 1213 96 79 ,89 71 84 66 91 72 70 57 
rape 1218 99 86 88 70 79 60 85 68 45 42 
hybrid 1236 95 78 60 50 33 35 79 63 58 49 
Rape 1228 98 86 96 79 77 62 96 79 73 59 
1247 96 82 66 54 28 32 84 67 69 56 
1257 94 77 59 50 24 29 81 64 66 54 
Tumip 464 96 79 74 60 54 47 94 77 72 58 
1210 98 80 18 25 9 18 51 46 22 27 
1225 98 84 86 69 80 64 95 75 82 65 
LSD (5%) 7.9 7.9 8.0 6.2 8.7 
SG - standard gennination 
BT - back tranSfOD11ation 
AAI - 41 °C/48h - geD11ination percentage 
AA2 - 41 °C/72h - gennination percentage 
AA3 - 42°C/24h - germination percentage 
AA 4 - 42°C/48h - gennination percentage 
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(b) Gennination percentage (%) and back transfonned data (Back Trans) for pre and 
post-AA treatments in Asian vegetable brassica spp (Chapter 3). 
Pre AA treatment Post AA treatment 
Spp Seed lot SG BT AAI BT AA2 BT AA3 BT AA 4 BT 
Choisum 634 96 79 97 82 41 40 91 74 86 68 
637 98 84 96 79 95 78 95 77 96 80 
638 98 84 99 87 83 66 98 83 96 78 
641 96 79 89 71 33 35 92 73 85 68 
645 92 75 91 73 60 51 87 68 78 62 
A. rape 1263 99 87 93 75 72 58 95 76 93 75 
1264 99 88 91 73 90 72 96 78 81 64 
1265 97 80 94 76 86 69 97 81 84 67 
1270 99 90 99 88 97 80 99 86 99 86 
1271 95 77 97 80 83 66 98 83 96 88 
1273 99 86 98 84 89 71 97 82 90 72 
1274 97 81 99 86 85 69 94 75 82 66 
A. kale 1296 93 75 85 68 64 53 73 59 73 59 
1297 95 79 80 63 69 56 81 65 84 67 
1298 92 74 90 72 63 52 85 67 80 64 
1304 88 70 86 68 58 50 87 70 81 65 
1308 91 75 69 57 50 45 89 71 76 61 
1328 91 73 89 71 75 60 93 74 88 70 
LSD (5%) 7.34 7.11 6.36 10.12 7.6 
SO - standard germination test 
BT - back transfonnation 
AAI - 41 °C/48h - gennination percentage 
AA2 - 41 °C/72h - gennination percentage 
AA3 - 42°C/24h - gennination percentage 
AA 4 - 42°C/48h - germination percentage 
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(c) Analyses of variance of AA gennination for tUl11ip rape hybrid seed lots (Chapter 
3). 
Source of variation DF SS MS VR Pr>F 
Seed lot 2 2113.9 1056.9 47.5 0.001 
Treatment 4 7320.3 1830.1 82.3 0.001 
UseofSGvs. useofAAT 1 4734.4 4734.4 212.9 0.001 
Seed 10t.Treatment 8 2032.9 254.1 11.4 0.001 
Seed 10t.Use ofSG vs. use of AAT 2 530.11 265.1 11.9 0.001 
Seed 10t.41148 vs. 41172 2 107.44 53.7 2.4 0.101 
Seed 10t.42124 vs. 42/48 2 168.2 84.1 3.8 0.03 
Residual 45 1000.4 22.2 
(d) Analyses of variance of AA gel111ination for tUl11ip seed lots (Chapter 3). 
Source of variation DF SS MS VR Pr>F 
Seed lot 2 11670.4 5835.2 180.8 0.001 
Treatment 4 11027.2 2756.8 85.4 0.001 
Use ofSG vs. use of AAT 1 7754.4 7754.4 240.3 0.001 
Seed 10t.Treatment 8 2938.8 367.4 11.4 0.001 
Seed 10t.Use ofSG vs. use of AAT 2 2439.9 1219.9 37.8 0.001 
Seed 10t.41148 vs 41172 2 65.8 32.9 1 0.369 
Seed 10t.42124 vs 42/48 2 106.5 53.2 1.7 0.203 
Residual 45 1452.1 32.3 
(e) Analyses of variance of AA gel111ination for forage rape seed lots (Chapter 3). 
Source of variation DF SS MS VR Pr>F 
Seed lot 2 3754.4 1877.2 58.5 0.001 
Treatment 4 11192.4 2798.1 87.2 0.001 
Use ofSG vs. use of AAT 1 5818.6 5818.6 181.3 0.001 
Seed 10t.Treatment 8 1579.7 197.5 6.2 0.001 
Seed 10t.Use of SG vs. use of AAT 2 324.9 162.5 5.1 0.01 
Seed 10t.41/48 vs 41172 2 23.7 11.9 0.3 0.693 
Seed 10t.42/24 vs 42/48 2 115.4 57.7 1.8 0.177 
Residual 45 1444.4 32.1 
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(f) Analyses of variance of AA gel111ination for Asian rape seed lots (Chapter 3). 
Source of variation DF SS MS VR Pr>F 
Seed lot 6 2073.2 345.5 13.9 0.001 
Treatment 4 3989.4 997.3 40.3 0.001 
Use ofSG vs. use of AAT 1 1487.9 1487.9 60.1 0.001 
Seed lot. Treatment 24 2829.8 117.9 4.8 0.001 
Seed 10t.Use ofSG vs. use of AAT 6 759.8 126.6 5.1 0.001 
Seed 10t.41/48 vs 41172 6 392.2 65.4 2.6 0.020 
Seed 10t.42/24 vs 42/48 6 660.8 110.1 4.5 0.001 
Residual 105 2601.3 
(g) Analyses ofvariartce of AA gennination for Asian kale seed lots (Chapter 3). 
Source of variation DF SS MS VR Pr>F 
Seed lot 4 4220.7 1055.2 41.9 0.001 
Treatment 4 8924.9 2231.2 88.7 0.001 
Use ofSG vs. use of AAT 1 1714.7 1714.7 68.2 0.001 
Seed lot. Treatment 16 3244.9 202.8 8.1 0.001 
Seed 10t.Use ofSG vs. use of AAT 4 319.3 79.8 3.2 0.018 
Seed 10t.41148 vs 41172 4 2040.4 510.1 20.3 0.001 
Seed 10t.42124 vs 42/48 4 118.2 29.5 1.2 0.329 
Residual 75 
(h) Analyses of variance of AA gennination for choisum seed lots (Chapter 3). 
Source of variation DF SS MS VR Pr>F 
Seed lot 5 751.4 150.3 5.3 0.001 
Treatment 4 5585.5 1396.4 49.3 0.001 
Use ofSG vs. use of AAT 1 2496.6 2496.6 88.2 0.001 
Seed lot. Treatment 20 1303.1 65.2 2.3 0.004 
Seed 10t.Use of SG vs. use of AAT 5 368.2 73.6 2.6 0.03 
Seed 10t.41/48 vs 41172 5 250.3 50.1 1.8 0.127 
Seed 10t.42124 vs 42/48 5 186.6 37.3 1.3 0.264 
Residual 90 10188.1 
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(i) Forage rape and turnip rape hybrid seed lots showing significant differences (**) in 
AA test (Transforn1ed data) when compared to SG (Chapter 3). 
Forage ra]2e Turni]2 ra]2e h~brid 
Seedlot 1257 1247 1228 1236 1213 1218 
SG 77 83 86 78 79 86 
AAI 51 ** 54 ' ** 80 50 ** 71 ** 70 ** 
AA2 29 ** 32 ** 62 ** 35 ** 66 ** 61 ** 
AA3 64 ** 67 ** 79 63 ** 73 68 ** 
AA4 54 ** 56 ** 59 ** 49 ** 57 ** 42 ** 
** significantly different from SG at P<O.Ol (LSD=8.1) for forage rape and (LSD=6.7) for 
turnip rape hybrid. 
SG - standard gem1ination 
AAI - 41 oC/48 h 
AA 2 - 41 °C/72 h 
AA3 - 42°C124 h 
AA 4 - 42°C/48 h 
(j) Forage turnip seed lots showing significant differences (**) in AA treatments 
(Transfonned data) when compared to SG (Chapter 3). 
Seed10t 1225 1210 464 
SG 84 80 79 
AAI 69 ** 25 ** 60 ** 
AA2 64 ** 18 ** 47 ** 
AA3 75 ** 46 ** 77 
AA4 65 ** 27 ** 58 ** 
** significantly different from SG at P<O.Ol (LSD=8.1). 
SG - standard gem1ination 
AAI - 41°C/48 h 
AA2-41°C/72 h 
AA3 - 42°C124 h 
AA 4 - 42°C/48 h 
(k) Choisul11 seed lots showing significant differences (**) in AA tests (Transfonned 
data) when compared to SG (Chapter 3). 
Seedlot 645 641 638 637 634 
SG 75 79 84 84 79 
AAI 73 71 87 79 82 
AA2 51 ** 35 ** 66 ** 78 40 ** 
AA3 69 74 84 77 ** 74 
AA4 62 ** 68 78 80 68 ** 
** significantly different from SG at P<O.Ol (LSD=7.1). 
SG - standard gel111ination 
AAI - 41°C/48 h 
AA2 - 41°C/72 h 
AA3 - 42°C124 h 
AA 4 - 42°C/48 h 
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(1) Asian rape seed lots showing significant differences (**) in AA tests (Transfonned 
data) when compared to SG (Chapter 3). 
Seed10t 1264 1263 1265 1270 
SG 88 87 80 90 
AAI 73 ** 75 ** 76 88 
AA2 72 ** 58 ** 69 ** 80 ** 
AA3 79 ** 77 ** 81 86 
AA4 64 ** 75 ** 67 ** 86 
Seedlot 1274 1273 1271 
SO 81 86 77 
AAI 86 84 80 
AA2 69 ** 71 ** 66 ** 
AA3 75 83 84 ** 
AA4 66 ** 72 ** 88 ** 
** significantly different from SG at P<O.Ol (LSD=7.0). 
SG - standard gennination 
AAI -41°C/48 h 
AA2 - 41 °C172 h 
AA3 - 42°C124 h 
AA4 - 42°C/48 h 
(m) Asian kale seed lot showing significant differences (**) in AA tests (Transfonned 
data) when compared to SG (Chapter 3). 
Seed10t 1328 1308 1304 1298 1297 1296 
SG 73 75 71 74 78 75 
AAI 71 57 ** 68 72 64 ** 68 ** 
AA2 60 ** 45 ** 50 ** 53 ** 57 ** 53 ** 
AA3 74 71 70 67 65 ** 59 ** 
AA4 70 61 ** 65 64 ** 67 ** 59 ** 
** significantly different from SG at P<O.Ol (LSD=7.5). 
SG - standard gennination 
AAI -41°C/48 h 
AA2 - 41°C172 h 
AA3 - 42°C/24 h 
AA 4 - 42°C/48 h 
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APPENDIX 2 
(a) Pre and post-AA (41°C/72h) gennination (%) and SMC (%) results in tumip using 
different RH% (83%RH=KCl, 76%RH=NaCl, 55%RH=NaBr and 96%RH=DW) 
(Experiment 1- Chapter 4). F=fungal score, L=low, M=medium, H=high 
Seed lot PreAA 96%RH 83%RH 76%RH 55%RH All salts 
% SMC % SMC F % SMC % SMC % SMC F 
464 96 7.2 53 33 M 90 12.3 98 8.1 96 7.9 0 
1210 95 8.8 18 30.2 M 29 12.1 51 10.6 48 10.3 0 
1225 98 8.1 8 30.8 M 93 10.8 98 9 96 8.6 0 
l\1eans 96 8 26 31.3 71 11.7 82 9.2 80 8.9 
(b) Pre and post-AA (41°C/72h) gennination (%) and SMC (%) results in tumip rape 
hybrid using different RH% (83%RH=KCl, 76%RH=NaCl, 55%RH=NaBr and 
96%RH=DW) (Experiment 1- Chapter 4). 
Seed lot PreAA 96%RH 83%RH 76%RH 55%RH All salts 
% SMC % SMC F % SMC % SMC % SMC F 
1213 96 6.3 83 34.4 M 91 10.6 93 9.9 90 9.7 0 
1218 99 6.8 75 31.6 M 96 10.4 97 7.7 96 7.6 0 
1236 95 6.6 32 33.1 H 96 11.1 86 7.5 93 7.3 0 
Means 97 6.6 63 33.0 94 10.7 92 8.4 93 8.2 
F=funga1 score, L=low, M=medium, H=high 
(c) Pre and post-AA (41°C/72h) gennination (%) and SMC (%) results in forage rape 
usmg different RH% (83%RH=KC1, 76%RH=NaC1, 55%RH=NaBr and 
96%RH=DW) (Experiment 1- Chapter 4). 
Seed lot PreAA 96%RH 83%RH 76%RH 55%RH All salts 
% SMC % SMC F % SMC % SMC % SMC F 
1228 98 6.8 76 31.1 L 96 10.4 93 8.6 89 8.6 0 
1247 96 7.5 27 34.2 L 97 12.7 94 8.9 94 8.9 0 
1257 94 7.6 28 34.4 M 86 11.1 85 10.1 85 9.8 0 
Means 96 7.3 44 33.2 93 11.4 91 9.2 89 9.1 
F=funga1 score, L=low, M=medium, H=high 
(d) Pre and post-AA (41°C/72h) gem1ination (%) and SMC (%) in choisum using 
different RH% (83%RH=KC1, 76%RH=NaCl, 55%RH=NaBr and 96%RH=DW) 
(Experiment 1- Chapter 4). F=funga1 score, L=low, M=medium, H=high. 
Seed lot PreAA 96%RH 83%RH 76%RH 55%RH All salts 
% SMC % SMC F % SMC % SMC % SMC F 
634 96 6.6 41 32.1 H 95 13.6 98 9.3 96 9.1 0 
637 98 7.3 96 33.1 L 94 12.5 99 10 97 9.8 0 
638 98 7.1 85 30.7 L 98 11.4 99 9.8 97 9.7 0 
641 96 7.1 32 32.9 H 93 9.8 99 8.9 97 8.8 0 
645 92 7.1 61 31.8 L 96 10.6 98 9.7 96 9.6 0 
Means 96 7.0 63 32.1 95 11.6 99 9.5 97 9.4 
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(e) Pre and post-AA (41°CI72h) gennination (%) and SMC (%) results in Asian rape 
using different RH% (83%RH=KC1, 76%RH=NaCl, 55%RH=NaBr and 



















% SMC F 
73 31.6 M 
92 32.5 M 
84 32.1 M 
97 30.2 M 
88 30.5 M 
91 33.5 M 
83 31.9 M 
Means 98 7.3 87 31.8 
83%RH 76%RH 55%RH 
% SMC % SMC % SMC 
96 11.8 98 10 97 9.8 
94 12.2 98 10.5 96 10.3 
96 11.5 97 8.9 96 8.8 
100 10.4 99 9.5 94 9.4 
96 10.1 96 9.7 93 9.3 
93 10.3 94 9.4 95 9.2 
97 10.4 98 10.1 95 10.0 
96 11.0 97 9.7 95 9.5 










(f) Pre and post-AA (41°CI72h) gennination (%) and SMC (%) results in Asian kale 
usmg different RH% (83%RH=KCl, 76%RH=NaCl, 55%RH=NaBr and 
96%RH=DW) (Experiment 1- Chapter 4). 
Seed lot PreAA 96%RH 83%RH 76%RH 55%RH All salts 
% SMC % SMC F % SMC % SMC % SMC 
1296 93 7.2 65 33.1 M 71 
1297 95 6.9 68 35.6 L 90 
1298 92 6.5 60 37.4 L 85 
1304 88 6 56 35.7 M 92 
1308 91 6.5 59 36.9 M 86 
1328 91 6.2 77 34.9 L 85 
Means 92 6.6 64 35.6 81 






















(g) Analyses of Valiance of AA gennination for turnip seed lots in expeliment 1 
(Chapter 4). 
Source of variation 
Seed lot 
Salt 
DW vs Salt 
Seed 10t.Salt 














































h) Analyses of variance of AA gem1ination for tumip rape hybrid seed lots in 
:xperiment 1 (Chapter 4). 
Source of variation DF SS MS VR Pr>F 
Seed lot 2 899.16 449.58 17.05 0.001 
Salt 3 4520.11 1506.7 57.12 0.001 
DW vs Salt 1 4502.24 4502.24 170.7 0.001 
Seed lot. Salt 6 1816.73 302.79 11.48 0.003 
Seed 10t.DW vs Salt 2 1623.51 811.76 30.78 0.001 
Residual 36 949.52 26.38 
Total 47 8185.52 
:i) Analyses of variance of AA gennination for forage rape seed lots in experiment 1 
~Chapter 4). 
Source of variation DF SS MS VR Pr>F 
Seed lot 2 1369.83 684.91 32.79 0.001 
Salt 3 9819.46 3273.15 156.69 0.001 
DW vs Salt 1 961l.35 9611.35 460.11 0.001 
Seed 10t.Salt 6 1765.83 294.31 14.09 0.001 
Seed 10t.DW vs Salt 2 1702.3 85l.15 40.75 0.001 
Residual 36 752.01 20.89 
Total 47 13707.13 
(j) Analyses of variance of AA gelmination for choisum seed lots in experiment 1 
(Chapter 4). 
Source of variation DF SS MS VR Pr>F 
Seed lot 4 1877.3 469.3 24.62 0.001 
Salt 3 11812.88 3937.63 206.57 0.001 
DW vs Salt 1 11246.89 11246.89 590.03 0.001 
Seed lot. Salt 12 3971.27 330.94 17.36 0.001 
Seed 10t.DW vs Salt 4 3788.31 947.08 49.69 0.001 
Residual 60 1143.69 19.06 
Total 79 18805.15 
(k) Analyses of variance of AA gennination for Asian rape seed lots in experiment 1 
(Chapter 4). 












































(1) Analyses of variance of AA gern1ination for Asian kale seed lots in experiment 1 
(Chapter 4). 
Source of variation 
Seed lot 
Salt 
DW vs Salt 
Seed 10t.Salt 






































(m) Analyses of variance of AA gennination for turnip rape hybrid seed lots in 
experiment 2 (Chapter 4). 
Source of Variation DF SS MS VR Pr>F 
Temp 2 689.62 344.81 13.89 <.001 
Time 2 2608.29 1304.15 52.52 <.001 
AA Test 3 26976.1 8992.03 362.11 <.001 
Temp. Time. Gern1ination 2 335.82 167.91 6.76 0.002 
Temp.AA Test 5 2224.91 444.98 17.92 <.001 
Time.AA Test 6 1055.08 175.85 7.08 <.001 
Temp.Time.AA Test 5 787.27 157.45 6.34 <.001 
Residual 78 1936.94 24.83 
(n) Change in SMC for pre and post-AA (control/sterilisation) for experiment 3 
(Chapter 4). 
PreAA Control Sterilisation 
1236 6.7 29.9 30.1 
1213 6.3 33.6 34 
1218 6.8 31.5 31.7 
1298 6.5 36.5 37 
1304 6 35.1 35.8 
1308 6.5 36.6 37.1 
(0) Analyses of variance of AA gennination for turnip rape hybrid seed lots in 
experiment 3 (Chapter 4). 
Source of variation DF SS MS VR Pr>F 
Seed lot 2 205.81 102.9 6.56 0.005 
Treatments 2 7362.97 3681.48 234.77 0.001 
Treatment 1 vs. Treatment 2 1 801.35 801.05 51.08 0.001 
Seed 10t.Treatments 4 633.59 158.4 10.1 0.001 
Seedlot. Treatment 1. Treatment 2 2 483.88 241.94 15.43 0.001 
Residual 27 423.4 15.68 
Total 35 8625.76 
Treatment 1 = no surface sterilisation; Treatment 2 = surface sterilisation 
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(p) Analyses of variance of AA gennination for Asian kale seed lots in experiment 3 
(Chapter 4). Treatment 1 = no surface sterilisation; Treatment 2 = surface sterilisation 
Source of variation 
Seed lot 
Treatments 
Treatment 1 vs. Treatment 2 
Seed lot. Treatments 








































(a) Standard gem1ination (SG) for forage seed lots used in the conductivity test. 
Turnip rape hybrid Turnip Forage rape 
Seed lot SG Seed SG Seed lot SG lot 
1213 96 464 96 1228 98 
1218 99 1210 98 1247 96 
1236 95 1225 98 1257 94 
(b) Standard gennination (SG) for Asian vegetable seed lots used in the conductivity 
test. 
Asian rape Asian kale Choisum 
Seed lot SG Seed lot SG Seed lot SG 
1263 99 1296 93 634 96 
1264 99 1297 95 637 98 
1265 97 1298 92 638 98 
1270 99 1304 88 641 96 
1271 95 1308 91 645 92 
1273 99 1328 91 
1274 97 
(c) Conductivity means for forage brassica seed lots (original SMC) in relation to 
soaking time (Chapter 5). 
Mean Conductivit21 (JIS cm- l g-l) 
Time (hours soaked) 
S~ecies Seed lots 4 8 12 16 20 24 
Turnip rape 1213 44.5 59.7 65.8 72.3 80.5 84.1 1218 45.6 56.5 64.2 67.1 73.9 75.6 hybrid 1236 39.4 60.4 63.5 71.5 75.0 81.3 
Forage 1228 21.9 46.3 53.2 62.2 64.6 74.5 1247 41.7 54.8 65.8 72.7 83.1 93.4 
rape 1257 53.0 68.7 77.3 93.3 102.7 129.2 
464 40.0 68.5 87.6 74.0 95.4 98.2 
Turnip 1210 62.3 90.1 92.1 112.2 124.8 126.8 
1225 37.8 55.9 58.7 69.3 79.7 80.2 
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(d) Conductivity means for Asian vegetable bras sica seed lots (original SMC) in 
relation to soaking time (Chapter 5). 
Mean ConductivitY.. (j.lS cm- l ft) 
Time (hours soaked) 
S~ecies Seed lots 4 8 12 16 20 24 
634 45.3 58.6 67.1 72.3 76.7 76.7 
637 41.0 61.8 66.2 68.4 71.3 78.6 
Choisum 638 51.4 56.4 58.2 68.5 72.2 77.9 
641 37.0 53.2 55.9 59.7 66.5 73.7 
645 46.2 56.5 66.8 69.7 69.4 69.1 
1296 42.3 61.3 71.6 77.8 77.7 85.2 
1297 41.6 62.3 69.9 75.4 81.1 88.0 
Asian kale 1298 45.6 63.5 79.3 82.4 93.5 94.6 1304 39.4 56.2 67.5 69.2 73.6 73.6 
1308 47.6 60.8 65.6 72.9 79.5 80.9 
1328 37.3 54.9 58.0 63.0 74.5 82.4 
1263 37.2 52.0 62.0 67.2 69.4 74.2 
1264 35.8 54.9 53.9 51.6 62.8 64.0 
1265 42.2 53.6 60.2 66.0 75.4 67.4 
Asian rape 1270 30.5 36.6 45.4 46.3 49.2 54.2 
1271 38.4 53.1 53.6 57.3 68.0 74.5 
1273 41.4 57.9 63.9 67.2 73.9 77.4 
1274 34.4 47.4 52.4 58.0 59.1 67.1 
(e) Summary of statistics for forage brassica seed lots (original SMC) to determine 
time to 95% maximum of the curve (Chapter 5). 
Species Seed lots R sqf!om Fit R -b Time to 95% max (h) 
Turnip 1213 90.8 0.8 -0.2 18.0 
rape hybrid 1218 88.4 0.8 -0.2 14.2 
1236 94.4 0.8 -0.2 18.2 
Forage rape 1228 96.7 0.9 -0.1 32.6 
1247 90.1 0.9 -0.1 26.9 
1257 81.9 0.9 -0.1 35.5 
Turnip 464 85.1 0.9 -0.1 21.4 
1210 89.8 0.9 -0.1 21.0 
1225 91.7 0.9 -0.1 22.5 
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(f) Summary of statistics for Asian vegetable brassica seed lots (original SMC) to 
detel111ine time to 95% maximum of the curve (Chapter 5). 
Sr..ecies Seed lots R sq fj'om Fit R -b Time to 95% max (h2 
Choisum 634 95.6 0.8 -0.2 14.9 
637 93.5 0.8 -0.2 15.0 
638 51.1 0.8 -0.2 12.1 
641 86.4 0.8 -0.2 17.6 
645 94.2 0.8 -0.3 12.0 
Asian kale 1296 97.8 0.8 -0.2 17.8 
1297 96.2 0.9 -0.2 19.4 
1298 96.9 0.9 -0.1 21.0 
1304 99.2 0.8 -0.2 16.4 
1308 88.1 0.8 -0.2 15.1 
1328 85.6 0.9 -0.1 22.8 
Asian rape 1263 98.1 0.9 -0.2 18.6 
1264 75.5 0.8 -0.2 13.0 
1265 85.1 0.8 -0.2 15.0 
1270 86.1 0.8 -0.2 16.2 
1271 75.0 0.8 -0.2 17.7 
1273 94.0 0.8 -0.2 16.3 
1274 91.0 0.8 -0.2 17.3 
(g) Mean conductivity for forage species in relation to soaking time in experiment 2 
(SMC - 8.5%) (Chapter 5). 
Mean Conductivity (JIS cm-1 g-l) 
Time (hours soaked) 
Species Seedlot 4 8 12 16 20 24 
Turnip 1213 22.2 26.6 39.8 44.6 46 47 
rape hybrid 1218 27.5 37.8 42.1 45 46 48.1 
1236 24.6 31.1 32.2 36.2 43.3 46.8 
1228 22.8 26.6 31.9 34.6 40.1 43.4 
Forage rape 1247 28.7 43.4 45.9 53.9 58.4 59.8 
1257 29 46.7 50.9 56.9 61.4 64.7 
Turnip 464 35.3 41.3 46.9 48.7 50.2 53.9 
1210 113.5 159.9 190 211.2 260 274.4 
1225 34.4 46 53.7 58.6 61.6 67.2 
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(h) Mean conductivity for Asian vegetable species in relation to soaking time in 
experiment 2 (SMC - 8.5%) (Chapter 5). 
Mean Conductivitx (f.1S Cl11- 1 g-l) 
Time (hours soaked) 
Species Seedlot 4 8 12 16 20 24 
ChoisU111 634 27.3 31 36.7 35.1 42.6 43.1 
637 38.3 49 53 53.5 56.4 57.4 
638 30 41.9 43.2 45.1 53.1 56.7 
641 28 37 39 40.8 47.5 49.4 
645 34.2 39.4 47.8 50 53.2 56.6 
11sian I{ale 1296 32.5 46.6 42.1 52.3 58 59.5 
1297 27.6 35.8 37 46.3 49.2 54.3 
1298 23.5 28.6 37.9 46.3 52.3 55.3 
1304 16.8 22.8 29.8 31.2 31.9 33.4 
1308 39.5 52.9 72.5 75 79.4 81.6 
1328 14.7 22.4 25.8 30.2 31.3 35.8 
Asian rape 1263 32.5 43.9 45.1 56.4 61.4 64.7 
1264 25 34 37.1 40 43.5 48 
1265 28.1 37.8 39.9 41.6 48.4 52.8 
1270 26.1 29.8 30.3 35.3 38.7 44.2 
1271 24.3 32.9 35.6 39.7 41 43.2 
1273 31.8 42.2 46.6 51.3 51.5 61.1 
1274 25 34.6 34.7 45.8 46.4 43.3 
(i) Summary of statistics for forage brassica seed lots (SMC - 8.5%) to determine time 
to 95% maximum of the curve (Chapter 5). 
Species Seedlot R sq !i-om R -b Time to 95% max (h) 
Fit 
Turnip 1213 92.6 0.9 -0.1 25.2 
rape hybrid 1218 98.1 0.8 -0.2 14.4 
1236 71.9 0.9 -0.2 19.9 
1228 80.4 0.9 -0.1 21.4 
Forage rape 1247 95.1 0.9 -0.1 20.2 
1257 97.4 0.9 -0.1 20.7 
Turnip 464 83 0.8 -0.3 11.6 
1225 94.2 0.9 -0.2 18.5 
1210 92.7 0.9 -0.1 31.5 
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(j) Summary of statistics for Asian vegetable brassica seed lots (SMC - 8.5%) to 
deten11ine time to 95% maximum of the curve (Chapter 5). 
Species Seedlat R sqfram R -b Time ta 95% max (/1) 
Fit 
Chaisum 634 66.6 0.8 -0.2 13.4 
637 95.9 0.8 -0.3 10.8 
638 80.3 0.8 -0.2 16.5 
641 81.1 0.8 -0.2 15.2 
645 83.5 0.8 -0.2 14.8 
1328 95.9 0.9 -0.1 25.8 
Asian kale 1308 95.6 0.9 -0.1 22.3 
1304 97.3 0.9 -0.2 18.9 
1298 93.8 0.9 -0.1 35.4 
1297 81.7 0.9 -0.1 21.1 
1296 74.2 0.8 -0.2 16.3 
Asian rape 1265 78.9 0.8 -0.2 16.6 
1264 88.4 0.8 -0.2 17.3 
1263 85.8 0.9 -0.1 21.4 
1270 52.2 0.8 -0.2 15.2 
1271 94.4 0.8 -0.2 15.3 
1273 83.8 0.8 -0.2 16.8 
1274 82.7 0.8 -0.2 16.8 
(k) Correlations between radicle emergence and conductivity readings for 16, 20 and 
24 h soaking for all species. 
Radicle Emergence 
Pre-Adjusted SMC Soaking (h) 
Soaking (h) 16 20 24 
16 0 -0.43* -0.48** 
20 0 -0.38* -0.41 
24 0 -0.26 -0.29 
Adjusted SMC 
Soaking (h) 16 20 24 
16 0 -0.18 -0.12 
20 0 -0.13 -0.08 
24 0 -0.10 -0.04 
*P<0.05, ** P<O.Ol 
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(1) COlTelations between radicle emergence and conductivity readings for 16, 20 and 


































(m) Con'elations between radicle emergence and conductivity readings for 16, 20 and 
24 h soaking for Asian vegetable species. 
Radicle Emergence 
Pre-Adjusted SMC Soaking (h) 
Soaking (h) 16 20 24 
16 0 -0.47 -0.55 
20 0 -0.46 -0.47 
24 0 -0.26 -0.32 
Adjusted SMC 
Soaking (h) 16 20 24 
16 0 -0.13 0.00 
20 0 -0.02 0.01 
24 0 -0.47 0.08 
*P<0.05, ** P<O.Ol 
(n) COlTelations between radicle emergence and conductivity readings for 16, 20 and 
24 h soaking for turnip rape hybrid seed lots. *P<0.05, ** P<O.Ol 
Radicle Emergence 
Pre-Adjusted SMC Soaking (h) 
Soaking (h) 16 20 24 
16 0 -0.71 -0.62 
20 0 -0.03 -0.99* 
24 0 -0.57 -0.75 
Adjusted SMC 
Soaking (h) 16 20 24 
16 0 -0.79 -0.49 
20 0 -0.14 -0.96 
24 0 -0.66 -0.64 
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(0) COlTelations between radicle emergence and conductivity readings for 16, 20 and 24 h 


































(p) Correlations between radicle emergence and conductivity readings for 16, 20 and 24 h 
soaking for forage rape seed lots. 
Radicle Emergence 
Pre-Adjusted SMC Soaking (h) 
Soaking (h) 16 20 24 
16 0 -0.89 0 
20 0 -1** 0 
24 0 -0.99* 0 
Adjusted SMC 
Soaking (h) 16 20 24 
16 0 -0.93 -0.88 
20 0 -0.70 -0.61 
24 0 -0.52 -0.42 
*P<0.05, ** P<O.Ol 
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Correlations between radicle emergence and conductivity readings for 16, 20 and 24 h 
tking for Asian rape seed lots. *P<0.05, ** P<O.Ol 
Radicle Emergence 
Pre-Adjusted SMC Soaking (h) 
Soaking (h) 16 20 24 
16 0 0.09 0.07 
20 0 0.03 0.17 
24 0 0.42 0.47 
Adjusted SMC 
Soaking (h) 16 20 24 
16 0 0.25 0.37 
20 0 0.10 0.46 
24 0 0.12 0.31 
Correlations between radicle emergence and conductivity readings for 16, 20 and 24 h 
aking for Asian kale seed lots. 
Radicle Emergence 
Pre-Adjusted SMC Soaking (h) 
Soaking (h) 16 20 24 
16 0 0.14 0.36 
20 0 0.11 0.00 
24 0 0.32 0.39 
Adjusted SMC 
Soaking (h) 16 20 24 
16 0 -0.29 0.43 
20 0 -0.21 0.30 
24 0 0.14 0.46 
*P<0.05, ** P<O.Ol 
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(s) COlTelations between radicle emergence and conductivity readings for 16, 20 and 24 h 
soaking for choisum seed lots. 
Radicle Emergence 
Pre-Adjusted SMC Soaking (h) 
Soaking (h) 16 20 24 
16 0 -0.50 -0.72 
20 0 -0.33 -0.59 
24 0 0.42 0.12 
Adjusted SMC 
Soaking (h) 16 20 24 
16 0 0.43 0.50 
20 0 0.64 0.49 
24 0 -0.65 0.67 
*P<0.05, ** P<O.Ol 
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APPENDIX 4 
(a) Analysis of variance for standard gelmination for size graded seeds (Chapter 6) 
Source of Variation 
Seed lot 
Size 






















(b) Analysis of variance for AA treatments for size graded seeds (Chapter 6) 
Source of Variation DF SS MS VR Pr>F 
Seed lot 5 4282.2 856.4 23.5 0.001 
Size 2 4785.7 2392.8 65.6 0.001 
Seed lot. Size 10 1366.9 136.7 3.7 0.001 
Residual 54 1971.3 36.5 
Total 71 12406.1 
APPENDIX 5 
(a) TSW of forage species seedlots. 
Turnip rape hybrid 


















(b) TSW of Asian vegetable species seedlots. 
Chinese rape Chinese kale 
Seedlot TSW (g) Seedlot TSW (g) 
1263 1.92 1296 6.01 
1264 1.90 1297 5.00 
1265 1.80 1298 5.02 
1270 2.20 1304 5.55 
1271 2.20 1308 4.60 
1273 1.80 1328 5.22 
1274 2.02 
Mean 1.97 5.23 
Rape 


















(c) Summary of standard gel111ination (SG), vigour testing, field emergence mean 
(FEM) and cold room emergence (CE) test. 
Seed lot SG AAi AA2 AA3 AA4 FEMI FEM2 FEM3 CE 
1236 95 60 33 79 58 79 80 75 94 
1213 96 89 84 91 70 72 72 79 96 
1218 99 88 79 85 45 68 89 85 100 
464 97 74 54 94 72 84 74 80 90 
1210 98 18 9 51 22 16 42 6 82 
1225 99 86 80 95 82 81 76 79 94 
1247 97 66 28 84 69 80 77 73 100 
1257 95 59 28 81 66 73 66 63 93 
1228 99 96 77 96 73 92 72 84 99 
1271 95 97 83 98 96 58 75 85 94 
1263 99 93 72 95 93 29 68 70 90 
1270 99 99 97 99 99 75 75 87 97 
641 96 89 33 92 85 74 72 84 95 
637 98 96 95 95 96 61 59 79 92 
645 92 91 60 87 78 71 80 76 93 
1308 91 69 50 89 76 55 59 72 93 
1296 93 85 64 73 73 74 55 71 83 
1328 91 89 75 93 88 79 56 84 93 
AA' - 41 °Cl48 h FEM1 - Sowing at 10/06/2004 
AA2 _ 41 °C/72 h FEM2 - Sowing at 11109/2004 
AA3 - 42°C124 h FEM3 - Sowing at 10/05/2005 
AA4_ 42°Cl48 h 
(d) Relationship between TSW and vigour tests for all seed lots. 
Conductivity Conductivit~ 
TSW Original TSW SMC - 8.5% TSW SMC 
AAI 
-0.06 4 -0.16 4 -0.30 
AA2 
-0.17 8 -0.02 8 -0.23 
AA3 -0.23 12 -0.04 12 -0.25 
AA4 
-0.09 16 0.09 16 -0.23 
SG -0.67* 20 -0.06 20 -0.21 
24 -0.06 24 -0.22 
**P<O.Ol 
*P<0.05 
SG - standard gel111ination (%) 
AA' -41°Cl48 h 
AA2 - 41 °C172 h 
AA3 - 42°C/24 h 
AA4 - 42°C/48 h 
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(e) Relationship between TSW and vigour tests for forage seed lots. 
Conductivity Conductivity 
TSW Original TSW SMC - 8.5% TSW SMC 
AAI 0.12 4 -0.58 4 -0.44 
AA2 
-0.21 8 -0.59 8 -0.39 
AA3 0.11 12 -0.62 12 -0.43 
AA4 0.15 16 -0.36 16 -0.41 
SG -0.09 20 -0.65 20 -0.38 
24 -0.44 24 -0.39 
**P<O.Ol 
*P<O.05 
SG - standard genl1ination (%) 
AA' -41°C/48 h 
AA2 - 41 °C172 h 
AA3 - 42°C/24 h 
AA 4 - 42°C/48 h 
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